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PART I. 


CHAPTER I. 


ON METALS THAT HAVE BEEN USED FOR BRITISH 
ORDNANCE. 


Metals used for ordnance.—Physical properties: hardness; elasticity ; toughness ; 
tenacity; tensile strength—The lever testing machine.—Hydraulic testing 
machine.—Machine for the bending test.—Bronze or gun metal.—Iron.—Cast 
iron.— Wrought iron.—The puddling process.—Welding property.—Fibre.— 
Case-hardened iron.—Character and properties of wrought iron.—Stoel — 
Definition —Varieties.—Table of analysis Manufacture of steel.—Cement. 
steel.— Blister steel.—Sheer steel.—Crucible steel.—Puddled stecl.—Cast steal.— 
Table showing varieties of cast steel made in the Royal Gun Factory.—Gun steel. 
—Steel coils.—Steel hoops.— Tempering.— Steel v. iron.—Obaracter and properties 
of steel.—Table for comparison of physical properties.— Tests applied to steel for 
ordnance in the Royal Gun Factory. 


ВЕРОКЕ entering upon theories in gun construction or details of 
manufacture, it may be desirable to mention first the metals that have 
been used for ordnance in the British service, and to offer a few remarks 
on their physical ties. 

Only four kinds of material have been employed in this country, viz. : 
bronze, cast iron, wrought iron, and steel. With the exception of bronze, 
these are simply varieties of one elementary substance under different 
conditions of admixture and treatment. 

The chief qualities in a metal which have to be considered in con- 
nection with ordnance, are hardness, elasticity, toughness, tenacity, 
and tensile stren 

“ Hardness” is essential for the interior of а gun, that the surface of 
the bore may be able to stand the friction of projectiles, especially in 
rifled artillery. Hardness and softness in metals are of course only 
comparative terms; lead is a very soft metal, but a hard substance 
when compared with other things. Softness implies that the material 
will yield to a blow or compression without returning to its original 
form; soft metal is liable to get dented by blows and worn away by the 
motion of projectiles in the bore, while any tendency to destruction will 
be aggravated by the heat developed in firing. Нагдпезз is specially 
required in a rifled gun to preserve the driving sides of the grooves. 
Without hardness there can be no durability; at the same time this 
property must be associated with toughness, for when brittleness is 


` present (as іп cast iron) the material becomes uncertain in character, 


and therefore unsafe for guns. 

“ Elasticity ” is the property of pen permanent elongation when 
ihe material is subj to a stress. ЈЕ is measured by the ratio of 
the stress to the strain; that is to say, by the ratio of the tension 


*(с.о.) 
ха) i 
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applied, to the effect of that force in producing a temporary extension 
which will vanish when the stress is removed. 
This ratio is called ће“ modulus of elasticity.” It may be explained 


by the aid of.a TAM -- 

Take ОХ and OY in the accompanying figure as rectangular axes, 
and let the units of tension be shown on the axis of Y, and the degrees 
of extension on the axis of X. 


TENSIONS. 


A.. P 


‘EXTENSIONS. 


Now if а specimen or bar be subjected to a regularly increasing 
tension, the extensions up to a certain point will increase also uniformly, 
within this limit whenever the stress is removed the bar will return to 
its original length. "ће amount of elasticity will thus be shown on 
the diagram by a straight line such as OH, the length and inclination 
of which will vary with the degree of elasticity in the metal. 

This constant relation of stress to strain exhibited at first is known 


as the “ modulusof elasticity,” and it may be expressed by the ratio 02, 
that is to say, by the cotangent of the angle JOH. 

“ Elastic limit” is the term to express the maximum tension which 
any specimen can endure without being permanently stretched. 
Beyond this limit the extensions will increase more and more rapidly, 
so that the co-ordinates representing elongation and stress will then 
develop а curve such as HB. For any point on this curve, a portion 
of its abscissa will be an approximate measure of the permanent 
extension, the amount being ascertained from the modulus. For 
instance, let a force equivalent to OF (greater than that which corre- 
sponds to the limit of elasticity) cause an extension equivalent to FE ; 
now produce OH to intersect this abscissa in G, then FG and GE 
релені; correspond to the elastic and permanent extension of the 

r.t 


* Extension also may increase slightly in proportion to the duration of stress. 

+ Experiments have shown that the elastic limit may be raised, at any rate in the 
case of oil-tempered steel, by slightly stretching the specimen and giving it & 
permanent set. Assuming that the Ümit would naturally be reached under a tension 
of 30 tons to the square inch, 35 tons would сасае some elongation or set, and this 
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Toughness із а property in metals which may be described ава — OHAP. I. 


strength to resist deformation and fracture either by torsion or bending. 
It may be associated with softness as in gun-metal, or with hardness 
as in tempered gun steel; and yet it is opposed to both ductility and 
brittleness. It is a property which will enable a bar to endure con- 
siderable distortion or curvature without yielding to reduction of 
sectional area at the part which is twisted or bent. 

* Tenacity” is a word to express the molecular strength іп а metal, 
that is to say, Из power to resist a direct tension or force tending to 
tear it asunder. In the foregoing diagram, suppose the point B to 
represent the degree of extension and force when elongation ceases in 
fracture; the ordinate OD is the measure of tenacity in the bar. 
Tenacity may embrace two elements of strength depending on the 
character of the metal, viz.: its elasticity and the frictional resistance 
to separation of its molecules. When a maximum strain has been 
passed a brittle specimen generally snaps without reduction of thickness; 
a tough specimen, however, will yield gradually to rupture, and its 
elongation is confined to a limited part; elasticity is first overcome, 
and then a narrow part is drawn out until the bar breaks at the point 
of smallest diameter. The tenacity per square inch of this reduced 
area does not diminish; on the contrary it increases largely with the 
frictional resistance then brought iuto play, until cohesion is entirely 
destroyed and the specimen is broken in two. 


“ Tensile strength ” is a term which is sometimes used for ч tenacity” Tensile 
in the sense which has just been described ; it is a kindred term, but strength. 


here it is intended to express a power of elongation associated with 
strength. lt is used to denote the“ work " done upon metal in effectin 
rupture; now “work” is represented geometrically by an area, an 
tenacity by a straight line, so it is necessary to adopt different terms 
for these different physical propertie This may be clearly explained 
by reference once more to the diagram. 


Taking B as before for the point of rupture, the area ОНВА is the 


measure of work expended in breaking the bar, and accordingly it 
represents the tensile strength of the specimen. A bar, however, will 
very commonly stretch after the breaking tension has been fully 
applied ; this may be shown on the diagram by extending the abscissa 


Toughness. = 


Tenacity. 


~~ 


В to М. BM however, will not be a straight line (at any rate not in . 


prolongation of DB), unless the intensity of strain is kept up in spite 
of diminished sectional area. Experiments with the hydraulic testing 
machine tend to show by mercurial indication that the ordinates for 
tension decrease, and therefore some curve would be formed which 
may be represented perhaps by BN. The co-ordinates of elongation 

stress have now traced out a compound line OHBN, and the 
tensile stren in this case will correspond to the area OHBNP; 
the extent of this area will evidently depend upon elongation as well 
as tenacity in the bar. 

Hence specimens of equal tenacity may have different degrees of 
tensile strength; and the metal which gives most elongation before 
rupture will evidently possess the greatest power of endurance. 
Tensile strength is especially studied in the material for guns, because, 


would become в new limit of elasticity up to which the material could be afterwards 
strained without any further extension. The modulus is not affected by this treat- 
ment, nor is the breaking strength raised, but the limits of elasticity and tenacity are 
brought nearer together; the former is the real measure of re Tree ina 
gun, so higher pressures become afterwards admissible (provided there is ample 
margin of strength), because no deformation will take place until the higher limit is 


B 2 


„= 
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(СНАР.1. even under maximum strain, an accident would be avoided if rupture 


—— а greater duration of stress than the short period a gun is kept 
under tensivn on firing. 

It will be seen by inspection of the diayram that the area representing 
tensile strength depends more on the extent of elongation than on the 
exact limit of tenacity, and therefore this physical property may be 
closely associated with ductility and softness. For example, the 
tenacity of tempered gun steel is fully double that of тош їгоп, 
but the latter шау shów greater tensile strength. The higher elasticity, 
however, and strength to resist deformation of the steel outbalance the 
tensile advantage possessed by the material weaker in these respects. 
Some steel, оп the other hand, though marked by extraordinary 
tenacity, is not а good material for ordnauce on account of its 
brittleness; a medium quality is required, capable of receiving suitable 
—— which shall have a high limit of elasticity so as to recover 
itself after heavy pressure in the bore, a high freaking strain so as to 
resist rupture, and a large percentage of elongation so as to avoid any 
tendency to brittleness. 

Specimens of all steel, either made in the Royal Gun Factory, or 
purchased by contract, are carefully tested for these chief physical 
—— viz.:—Elastic limit, tenacity, elongation and toughness. 

he units of measurement are **tons" of tension “ per square inch" of 
sectional area. 


The Lever Testing Machine, 


The machine hitherto used in the Royal Gun Factory for testing 
metals was a statical lever machine; but recently a more scientific 
apparatus has been purchased which is worked by steam and hydraulic 
power. A sketch of the lever machine is given to assist explanation, 
but this only shows essential features without any portions of detail. 


FRAME FOR COMPRESSION. 


It consists of a combination of levers a and 6 which cause a 
tensional stress on the specimen equivalent to a weight 200 times 

eater than that which is actually applied; all the bearings are hard 
Enife edges resting on smooth steel surfaces, so that friction is reduced 
{о а minimum. It is generally used for tensile experiments, but it can 
be used for compressive, transverse, or torsional elasticity, and it may 
also be used for experiments on the pressure required to punch or shear ; 
or it may be adjusted for determining the hardness or softness of metals. 

Before use, the balance of the machine must be regulated by moving 
the ball d along the upper lever, and by attaching a weight if 
necessary at e. Specimens to be tested for elastic limit and tenacity 


are turned down to a definite diameter, varying with the class of' 


material, and they are furnished with shoulders to fit into the sockets 
at s. When a test piece has been placed in position, it is secured and 
tightened up by а wedge; weights are then gradually accumulated on 
shelves suspended from the point of the upper lever at c. 

To prevent the point of this lever from drooping as the specimen 
stretches, and the consequent inconvenience arising from the weight not, 
acting at right angles to the bar, there is an arrangement for raising 
the fulcrum to keep the top lever horizontal. The train of wheels used 
for this purpose also raises a frame near the point of the bar at the 
same rate as the fulcrum, so when the specimen breaks, the lever is 
prevented from flying up with а jerk which would probably injure the 
machine. 

As the specimen stretches, a gauge may be used to ascertain the 
amount of extension; but when the limit of elasticity is approached, 
the last weight should be carefully lifted and put on again while the 
operator watches an index which moves with the extension and 
contraction of the bar. 

At this stage, when the limit of elasticity has been apparently 
reached, the specimen should be removed to а bench and measurements 
taken with а micrometer to detect the first sign of extension; much 
experience is required to determine this point with exactness. 

em the limit of elasticity bas been recorded, the bar is further 
tested for strength; weights are slowly added until the tension is 
sufficient to break it. The general character of the metal may be 
ascertained by this operation, for its behaviour under tension and Из 
fracture when broken are both indications of quality. If the metal is 
hard it will usually exhibit en tenacity with little elongation; if soft 
and ductile, the extension will be considerable and the tenacity moderate. 


For tenacity. 


Limit of 
elasticity. 
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Pression. 


testing 
machine. 
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Some specimens will show a corrugated exterior, which is caused by the 
metal being drawn ont more freely in the heart than on the surface of 
the Баг; in others the flow will be uniform and smooth. Fracture, too, is 
a sure test character ; bright crystalline appearance is always associated 
with brittleness, and grey silky fracture with toughness. By the 
inspection of a newly-broken piece any coarseness of quality may be 
detected ; sound specimens should be wn out near the middle of 
their length, and ought generally to break at the point where the 
diameter is most reduced.* 

For testing compressibility, a small cylinder of the metal is inserted 
between the jaws of a frame which takes the place of the sockets used 
in tensile experiments. The frame consists of two и опе sliding 
within the other; one part is attached to the bed of the machine and 
the other to the lower lever, so when weights are applied in the usual 
manner, the cylinder of metal is crashed ар between the two slides. 
Time has to be considered in this case, for the amount of compression 
will vary to some extent with duration of stress ; a 30-second sand glass 
is used in all cases, that the results may be at any rate comparative. 


Hydraulic Testing Machine. 


This machine was invented by Colonel Maillard, of the French army. 
In general appearance it somewhat resembles a lathe; one end is fixed, 
and this contains an hydraulic press in a horizontal position; the other 
can be set at а suitable distance according to the length of the specimen. 
This adjustable end contains a small reservoir filled with water and 
spirits of wine. The bar to be tested is securely attached by strong 
shackles to the piston of the press at one end, and to the plunger of 
the reservoir at the other. e machine is put in action by a com- 
pressor, which may be worked either by a -wheel or by steam 
power. Pressure is indicated by a Bourdon gauge set immediately 
over the press, and another gauge in a similar manner records the 

ressure in the reservoir at the opposite end; these indications should 
as nearly as possible the same. 

By means of a copper pipe in connection with the reservoir, the 
amount of pressure is transmitted to a basin of mercury on a stand 
adjoining the machine, the spirits of wine being separated from the 
mercury by a diaphragm of india-rubber. The diaphragm is fixed in 
such a way as to render the box cuntaining the mercury air-tight, while 
the mercury is in communication with a vertical glass tube which is 
open at the top to the atmosphere. The frame which supports the 
glass tube is graduated on one side with a scale of pressures, which 
ought very closely to correspond with those shown on the Bourdon 

uge, and on the other side with a scale of tons per square inch for 
the tension exerted on a bar of definite sectional area. 


—M 


® А curious result has lately been discovered in connection with the breaking of 
specimens of metal, viz.: that the more igs Sta rig can be effected, the greater 
will be the permanent elongation of the bar. is is contrary to former notions on 
the subject, but experiments have established the fact. А bar suddenly torn asunder 
by machine 1 power, such as the falling weight of a 40-ton hammer, will show 
greater extension than a similar piece of m slowly tested to destruction in any 
statical testing machine. The agency of gunpowder is quicker than gravity or steam, 
and by this means the elongation has been further greatly increased. Gun-cotton, by 
still more rapid action, has produced the greatest elongation of all. Even hard steel 
has thus shown great increase of length; and it is worthy of notice in the case of 
both steel and cast iron, that fracture (with or without elongation), when produced 
by means of gun-cotton, will occur o£ each end, as if the tensile strain was felt 
only near the points of attachment, and the inertia of the middle part of the bar 
was the cause of its remaining intact. 
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HYDEAULIO ТВВТҮНӨ МАОНІНВ, 


Оп а stand by the side of the machine, a frame may be fixed for 
хасон two microscopes to be brought to bear upon points previously 
marked on the bar. ih of these instruments are capable of being 
moved by slow motion screws according to the extension of the 
specimen, so that the moment of yielding and the degree of extension 
may be observed. It is a tedious operation, however, to watch for the 
exact limit of elasticity, and only suitable for experimental research ; 
but the total elongation may be readily measured by the latera 
— of the instrumenta after careful adjustment at first. | 

е yielding and breaking stress can be practically ascertained b 
following up column of mercury, and marking its indications wi 
а pointer. The operation is conducted in this manner :—first, the 
moveable end of the machine is worked forwards by the hand wheel 
for insertion of the piece to be tested, then it is drawn back by the 
same means until a strong pull is exerted on the shackles. The pump 
is next set in motion and the tension begins. As the pressure on the 
nun increases, the mercury will rise in the tube, and the operator 
ollows it up with а pin. When the limit of elasticity is reached, the 
test-piece will yield for a moment, sufficiently to affect the intensity of 
strain for an instant, and this causes a fluctuation which а practised 
man will observe; the ріп is at once placed to mark the elastic limit 80 
found, while tho operator proceeds to follow up the mercury again with 
another. At the limit of tenacity, or highest mercurial reading, the 
second pin is put in, but the test-piece will not break at that point 
unless the metal is brittle; it will generally yield more or less slowly 


to rupture, and the mercury shows this by falling ; continued stretching, 


however, must ultimately overcome the tensile strength in the bar, and 
оп breaking, all stress is removed and the mercury subsides іп а 
moment to the bottom of the tube. 


The Bending Machine, 


This is an ingenious machine which was invented by a foreman in the 
Royal Gun Factory. It consists of а vertical press and two steel plates 
within a frame, which are placed parallel to each other, and about one 


The bendi 
R.G.F. 
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inch apart. These plates have rectangular grooves on the inside which 
form guides for the motion of the . Two rocking levers are 
arranged between the plates for reciprocal motion, une on each side of 
the central grooves; and between them is placed the flat test-piece of 


Scale 4. 


HYDRAULIO MACHINE FOR TESTING SPECIMENS DY BENDING, 


metal with its ends resting on shelves or recesses in the upper part of 
the levers. Over the middle of the specimen is fixed a presser with 
semi-circular end; # inch in diameter for untempered pieces of steel, 
and 14 inches for those which are tempered. 

The presser is gradually forced down by a block sliding in the 
rectangular grooves, under the ram of a hydraulic press placed 
vertically over it. The test-piece is in this manner bent down between 
the rocking levers, which close in as it yields. 

Топић specimens should bend until the ends of the picce are brought 
parallel to each other ; if brittle the specimen will break, and the angle 
of fracture is a measure (or at least a good indication) of brittleness. 
Elasticity in the metal will generally destroy the compleie parallelism 
of the two ends after the specimen is released from the machine, espe- 
cially in tempered pieces of steel. 


шаа... 
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( ( 
Bronze. 


Of the four classes of material that have been used for ordnance in 
this country, bronze was employed from the earliest days of artillery 
until the receut introduction of rifled guns; and although it has entirely 
been given up in the manufacture of new pieces, there are still in the 
service a number of small rifled guns which have been converted from 
smooth-bore bronze ordnance. 

Bronze is an аПоу of copper and tin, and the particular sort of bronze 
called “gun metal” consists of 90 parts of copper, with ten of tin. Itis 
a soft material, and liable to injury, such as indentations in the bore, 
drooping at the muzzle, &c., especially when heated by firing; this 
used often to be seen in the elliptical shape of the bore at the 
muzzle caused by the round shot rebounding in the gun. It is an 
expensive material, but tough, fusible, adapted to the old method of 
manufacture by casting, and easily worked in the lathe. 

This alloy is subject to the disadvantage of never being quite 
homogeneous, for the points of liquation of the two metals of which 
it is composed differ widely. Tin melts at a temperature of 442° Каћг., 
but copper requires about 1,800°; consequently, after fusion and mixture, 
when the alloy is cooling down to a solidified state, the tin will remain 
liquid after the copper has set; during this period there is a ten- 
dency on the part of the tin to collect in globules in different parts 
of the mass. This separation of the metals not only aifects the 
character of the alloy, but forming portions of pure tin in the casting, 
becomes a source of weakness in the material. Tin possesses no 
practical strength, and lumps of tin in the metal are little better than 
cavities in the mass; when these appear on the surface, or are cut 
through in boring, they form white patches on the yellow material 
and are technically known as “tin spots.” They are especially 
injurious when found in the bore, for with the heat of firing the 
eats out the tin and converts the spot into a ragged defect; if this 
should occur in a rifled gun on the edge of a groove, the rifling will 
soon be destroyed. 

Many attempts have been made in this country, and by most of the 
Continental Powers, to improve the gun metal and utilise existing 
bronze ordnance. Small quantities of phosphorous have been added 
with success, and phosphor-bronze has at times given fairly satisfactory 
results; but this material has not proved reliable, especially in large 
castings, and its use was soon discontinued in England for guns. 

Casting in chill has also been tricd for increasing the density in order 
to develop strength: but no measures have met with perfect success. 
The last attempt in this country was made about the year 1870, when 
bronze 9-pounder guns were cast and rifled at Woolwich; these were 
intended for the field artillery in India, and some were issued to batteries 
at home; but, although the experimental pieces proved most satisfactory 
in range, accuracy of shooting, and endurance, the uncertain character 
of the material became afterwards apparent, and all these guns were 
withdrawn from the service in 1874. Bronze smooth-bore ordnance are 
retained for Reserve and Auxiliary Forves, and many pieces may be 
found in the armament of forts and stations abroad. 


Inox. 


Although one elementary substance alone exists which can properly 
be termed “iron,” yet this metal when alloyed or associated with 
small quantities of other elements will form several distinct classes of 
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material, which differ from one another more in their physical proper- 
ties than in their chemical constitution. 

These varieties may be divided into three groups; designated 
respectively © cast iron,” “ wrought iron,” and “ steel.” 

Топ is extracted from its ores, in the first instance, by the process 
of smelting in furnaces worked either by a hot or cold blast,* and 
run out into sand moulds in the form of rough heavy bars; in this 
state it is known as “pig iron,” and it contains many impurities, 
chiefly carbon and silicon from the fue] and flux, but sulphur, phos- 
phorus, and other elements will generally be found by analysis. 

By various methods of refinery the impurities in pig iron may be 
removed, but some carbon will always remain, and as long as the 
amount exceeds 2 per cent. of the weight, the metal will possess the 
properties of the group which is geverally termed “ cast iron.” 

he different qualities of pig iron are distinguished in the trade by 
numbers ranging from 1 to 8, the lower numbers being given to 
samples which on fracture present a dark crystalline appearance, and 
the higher ones to hard and bright iron. It will be sufficient in this 
work to classify the varieties of cast iron by colour under three heads, 
viz.: “ grey,” “ mottled,” and * white.” 


Cast Iron. 


According to chemical analysis, the definition of “ cast iron” is that 
quality of the metal which contains from about 2 to 5 per cent. of 
carbon, either mixed or combined with the iron. 

The crystalline appearance on fracture depends mainly on the 
quality and condition of the carbon associated with the iron. Carbon 
may exist in two distinct forms of admixture: that is to say, either 
chemically combined as an alloy, or merely mixed with the crystals of 
metal in the form of pure graphite. In the latter case dark flakes are- 
visible on a newly-broken surface, which give a grey colour to the 
iron; this kind is soft and fusible: when most of the carbon is chemi- 
cally combined it is invisible, and the metal becomes hard, brittle, 
and white. 

This difference in character can be produced even in specimens 
containing the same proportion of carbon, merely by fast or slow 
cooling of the metal after casting. 

White iron can always be obtained by rapid cooling, for the elements 


` in fusion are suddenly reduced to fine crystals which present a white 


and glittering appearance. This is an explanation of “casting in chill,” 
which is effected in moulds of iron instead, Е sand, as iron is a good 
conductor of heat; the heads of Palliser are cast in this manner, 
which has the effect of making them exceedingly hard. 

By slow cooling or casting in sand, а Tare proportion of the 
carbon has time to separate from the metal, and it then appears as 
black flakes of graphite mixed with grey crystals of iron. Mottled 


_ iron is an intermediate quality between grey and white. 


The character of cast iron may be summed up as fusible, hard, and 
brittle, with little elasticity or capability of extension, and with only 
a moderate amount of tenacity.t It is a cheap material, and easily 
worked into shape by casting and lathe operations; it melts at a 
temperature of about 1,530° Fahr. Its hardness enables it to bear a heavy 


* Pig iron obtained from a cold blast furnace is worth nearly three times as much 
as that which is derived by the hot blast process; the latter produces a 
weight of iron from а charge, but it is mixed with impurities which have to be 
subsequently extracted, and refinery costs about as much as the smelting. 

+ About 12 tons per вд. in. 


—— 
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weight without yielding to compression; it is not malleable, and 
therefore not capable of being forged under a hammer, nor does it 
possess the property of mms in fact it will break up under a blow 
if previously heated, and crumble into small pieces and dust. 

Swing to this brittleness when heated a simple method has been 
adopted in the Royal Gun Factory for — up old cast iron guns to 
use the material again; condemned guns are heated to redness іп any 
‘spare furnace, and then crushed into small pieces by a steam hammer. 

Although cast iron is not malleable, there is a variety known as 
malleable cast iron: this is made by a process of annealing cast iron in 
contact with red hematite ore to deprive it of carbon, at any rate on 
the surface of the metal. It is then in a condition to bear hammering. 
but it is scarcely malleable in the metallurgical sense of that wor 
dem iron will not weld unless the metal was very pure in the first 

stance. 


Wrought Iron. | 


By complete extraction of the carbon from cast iron, the character 
of the metal is entirely changed; this conversion is effected by the 
process called жошы, Тһе operation consists іп stirring a large 
quantity of molten cast iron in the hearth of a reverberatory furnace, 
exposed to the action of heated air, so that oxygen from the draught 
may combine with carbon from the iron to produce carbon di-oxide, 
&c.; by combustion, the gases intensify the heat of the furnace and 
promote the chemical action, which in time burns out all the carbon 
and impurities from the charge. The pure iron as it “‘comes to nature ” 
separates itself from the liquid in the hearth and floats in a spongy 
form on the boiling mass; in this state it may be gradually collected 
by the ис whose duty consists іп stirring the charge, so as to 
bring all in turn under the action of the blast, and in balling up the 
pure metal into lumps of convenient size. 

When the greatest amount of iron that can be extracted from 
a charge has been gathered together, the slag. or tap-cinder, is 
run off from the furnace and the balls are withdrawn one by one; 


- these are conveyed to a steam hammer, and all the slag that is 


entangled in the ball is pressed out; the metal, reduced to a solid 
piece of iron, is then called a “ bloom.” 

Although the carbon is said to be removed by this process, a trace 
can always be discovered by careful analysis; in metallurgical works 
it is stated ¿hat the amount of carbon to be found in wrought iron will 
vary from*@ to 0:3 per cent. 


Fibre is produced by drawing out the wrought iron at each successive 
operation of rolling or forging, the slabs thus drawn out being cut an 
piled again, with the fibre invariably laid in а similar direction. This 
structural character may be seen by subjecting а bar of wrought iron to 
the action of a powerful acid, by which the softer particles on the surface 
will be eaten away, and the hard fibre will then stand out clearly, 
resembling а bundle of wire. 

The chief strength of wrought iron lies in the direction of fibre; 
experiments have shown that with specimens of equal dimensions 
it requires about twice the amount of tension applied lengthways 
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with the fibre to break a bar of wrought iron as that which would be 
sufficient to tear it asunder transversely. 

The quality of wrought iron is thus evidently improved by the 
amount of work spent upon it; but work will not remove criginal 
impurities; on the contrary, repeated forging or rolling is apt to 
introduce cinder and slag. Sulphur and phosphorus are impurities 
commonly met with, and either of these elements, when present in 
very small quantities, will materially affect the character of iron; 
sulphur renders it brittle when hot, and the term “ red-short” is 
applied to it then; phosphorus, on the contrary, makes it ** cold-short,” 
or brittle when cold. 

The property of welding is one of the chief characteristics of 
wrought iron. By this term is meant, that when two clean surfaces 
are brought in contact at a white heat (about 3,000° Fahr.) and pressed 
together by rolling, hammering, or any other means, the two portions 
will unite so perfectly that the line of junction could not be traced 
if the piece were afterwards cut in two. No fibre, however, can exist 
in the joint; so in estimating the strength of a welded bar, it is usual 
to take it equivalent at that point to the strength of the metal 
transversely. t.e., half the strength of the fibrous part of the bar 
taken in direction of length. Welding is a most valuable property, for, 
since wrought iron is infusible in ordinary furnaces, it is only by 
wolding that large masses can be obtained; and then owing to 
malleability these pieces can be forged into shape. Cinder or any 
foreign substance will prevent perfect union in welding; from this 
cause a mass of wrought iron will often exhibit many flaws when cut 
into, and it is not easy to obtain a smooth surface entirely free from 
defects. 

Wrought iron is naturally soft; but if required to present a hard 
surface, во as to stand much friction and wear, its exterior can be 
hardened without destroying the general character of the bar. This 
is effected by placing the portion to be hardened in charcoal dust 
and keeping it at a high temperature for a considerable time. Carbon 
then passes into the iron, but only to a depth which can be regulated 
by the duration of the process: when treated in this manner it is said 
to be “ саве-ћагдецра iron." . 

Wrought iron may therefore ђе described as а malleable variety of 
iron, containing little or no carbon, produced by a repetition of forging 
or rolling together. It is practically infusible, but it possesses the 
property of welding; it is soft, ductile, and capable of being drawn 
out into wire. lts limits of elasticity will range from 10 to 15 tons 
per square inch, and its tenacity from 18 to 25, in the direction of 
fibre; its tensile strength is remarkably good, affording great elonga- 
tion between the points of yielding and rupture. As a material for 
ordnance it was formerly considered particularly safe under moderate 
pressures in the bore, but its softness and liability to defects render 
it unsuitable for modern artillery; its strength also and limit of 
elasticity are not sufficiently high for the heavy charges that are fired 
in the present day. 


STEEL. 


Steel may be either a compound of iron and carbon alone, or other 
elements шау be associated with these two essential ingredients. 
Where carbon alone enters into the composition of steel, the amount 
may be said generally to lie between the limits assigned for its pro- 
portion in cast and wrought iron; that is to say, between 2:0 and 0-2 
per cent, ` 
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These limits, however, are not strictly correct, nor would chemical -CHAP. I. 
constitution alone in any case afford a satisfactory definition of steel. 
Specimens recently analysed have been found to contain even less „708 {2 
than 0:2 per cent; though Dr. Percy, а most eminent authority, once Ë 
fixed the proportion of carbon (when the fused metal, if free from all 
foreign matter, may be considered as passing from iron into steel) at 
something between 0°5 and 0°65 рег cent. Іп point of fact, the line 
whieh divides steel from wrought iron cannot Б traced by chemical 
analysis ; yet these two classes of material differ very widely, both in 
physical properties and in their mechanical structure. 

Cast steel now generally contains a decided proportion of manganese. Мапдапове, 
Like carbon, it gives hardness to the metal, but in a less degree; іб, mota Çu 
is estimated that в proportion of 0-7 per cent. manganese is equivalent , 1 і - 
in this respect to 0:1 per cent. carbon, and therefore hardness can Бей; Ас? | fy ( 


regulated to a much greater nicety by manipulating the quantities of at ace, 


, 


manganese and carbon together than by attempting to get an accurate i А 
proportion of the latter alone. алымда 
e following analyses, taken at hazard, may be of interest, as Anslyses<) . ^ > 
showing the composition of some well-known varieties of steel Pu 
recently used for the manufacture of guns. Тһе value of the table ; / 


would have been much enhanced, if comparison could have been made; ~., 
with samples of equal tenacity, but such analyses were not available. ‹“-. . 
It must also be remembered that the composition will differ in ingots \ 3... 7. 
of the same class of steel even when made by ће same firm; there із ^, . 

also frequently a marked difference between the upper and lower ends :” ' . 
of one casting; but these examples T to give a general idea of p £ 1“ :: 7 
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and phosphorus oc- 
casionally present. 


% The tenacity of this specimen was not known; it was supposed to be about 38 tons. 2254 


| Steel may also be described as a compound of iron and carbon which Temper. 
is capable of receiving different degrees of hardness and temper, by 
being heated and plunged into liquid, that it may cool down more ог 
less rapidly. Pure iron is incapable of being hardened in this manner. ^ сн. 
and so is the ordinary wrought iron of the trade; as a definition, 47” 
however, this will not bear application too strictly, for wrought iron | 
may be produced of a quality that is capable of being slightly 
hardened, and steel may be so soft as to resemble this class of wrought 
iron. 

Since neither chemical analysis nor any marked physical property Manufacture 
will furnish an exact definition for dn. we may look for a dis- by fusion v. 
tinction in manufacture or mode of production. АП steel is now adhesion. 
made by means of &ome process of fusion, whereas the production of 
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СНАР.Ї. wrought iron may ђе said to depend on adhesion, This constitutes а 
distinction which, in discussing the materials for ordnance, it may be 
useful to bear in mind; but it is not a complete definition, for steel 
can be made without fusion. 

Character. Steels vary greatly in character, although the composition cannot 
evidently differ very much, and the process of посте шау ђе 
exactly the same. Some steela are hard, hrittla aud стана во, while 
others are soft, malleable, silky, and ductile. Hard steels are highly 
elastic and strong, but the softer varieties more nearly resemble 
wrought iron. By careful preparation every shade of quality may be 
obtained between these extremes. All steel is fusible and (except 
very hard specimens) can be forged to a certain extent, though great 
care must be taken in reheating and working the metal. Its character 
is summed up by Dr. Percy when he states that “if carbon is present 
in certain proportions, the limits of which cannot be exactly prescribed, 
we have the various kinds of steel which are highly elastic, malleable, 
ductile, forgeable, weldable, capable of receiving very different degrees 
of hardness by tempering, and fusible in furnaces.” 

Striking fire Steel heated and quenched suddenly in water should strike fire 

with flint. readily with flint. 

Manufacture To understand the composition of steel we must look into its 

of steel, history, and study some of the modern systems of production. 

Steel can be made either by carburetting pure iron or by de-carburet- 
ting cast iron; it is manufactured in MN WE 80 as to produce & 
melted product for casting. 


ka tu ^W бара! (1) By dissolving iron or steel ‘scrap in a charge of melted cast 
ен iron, by means of an open hearth furnace ; 
; w^ (2) By direct fusion in crucibles of a suitable mixture of scrap, 
Ул ! which, judging from previous analyses, will yield the right 
| quality of metal for steel ; 
\- (8) By reduction of pure iron ore with the proper proportion of 
қ carbon; and 
(4) By blending with pure melted iron small quantities of other 
— which will introduce the right elements for 
steel. 


@oment steel, Formerly, steel was made only in small pieces suitable for tools and 
other requirements; the manner of preparation was known as the 

rocess of cementation, by which bars of wrought iron, containing 

ttle or no carbon, were impregnated with that element to the extent 
just sufficient to produce the quality of metal called steel. 

For this process it was necessary to select the purest wrought iron, 
free from sulphur and phosphorus. Swedish bar iron was therefore 
generally employed, because its quality was nteed, both by the 
nature of the ore from which it is derived and by the use of charcoal 
in the furnaces of that country. The process of cementation consists 
in embedding the bars of iron in powdered charcoal in a closed chamber 
and maintaining a high temperature for a considerable time, so that 
carbon from the charcoal may be enabled to penetrate the iron, which 
it does in the form of carbon di-oxide; the powerful action of this 
gas is evident from the blistered appearance of the surface of the bars 
when withdrawn. 

Blister steel. Cement, or ** blister," steel may be used eitheras it comes from the 
7— ^ converter in malleable bars, or the bars may be,broken up and melted 
for casting. Blister steel retains some of the properties of wrought 
iron, for it is capable of being raised to white Бан without damage, 
and it can then be bent and welded together; this kind of steel is 
used for giving an edge to tools of large size. Or, again, it may 
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be broken up into lengths, to be piled, reheated, and welded, when OHAP.L 
it goes by the name of ‘sheer steel”; this variety also has the Sheer steel. 
property of standing high heat without losing its virtue, and 
compared with ordinary cast steel, possesses remarkable toughness 


. and strength. 


To obtain larger masses of steel it became necessary to resort to Orucible steel. 

casting the metal. For complete fusion a very great heat is required ; 

cast iron will melt at about 1,540° Fahr., but steel requires at least 

3,240°, and even this is lower than the temperature required for 

pure iron. To make crucible steel blistered bars are first broken up 

into lengths, which are carefully sorted according to the degree of 

carbon absorbed in different parts of the bar: these pieces are again 

broken up into very small fragments, to facilitate the process of 

fusion, and when preparing a charge the samples are carefully 

selected after chemical analysis, so as to ensure a proper quality 

in the steel About 63 lbs. of metal are usually weighed out for 

а crucible charge, and Жош this, after allowing for waste, about 

half а hundredweight шау be run out in the casting. Тһе size of 

the ingot will depend upon the number of crucibles used; but when 

pouring out the metal it is necessary that the flow should be 

continuous from the start to the finish, to avoid any cooling, which , 

would cause a defect in the steel that could not be remedied by any / А 

subsequent treatment. 4 ай” 
Balls of steel of moderate size used at one time to be made by the) Радајед steel; ' 

ee of puddling, for by r ting the heat and hos ati theley сло. 
1 from the furnace before the carbon has. been entirely expelled, ба trate 

malleable product can be obtained of the constitution required for steel ~. 

This method, however, produced highly carburetted metal which жаз “~ 5 

generally uncertain in character; the size also of the blocks was 

limited to the weight of a ball, so this system of manufacture has now 

fallen into disuse. ee в 
There are several varieties of steel now employed in the construction Oast steel C . « 

of most of which are associated with the names of eminent firms, с, /,, 4. - 

pa à as Firth, Whitworth, and others; the systems of manufacture may ^! ` 

be entirely different, but the products are all included under the general ` ~>% 

term of “cast steel," and they must all comply with one specification — 

before acceptance in the Royal Gun Factory. А Bessemer retort or 

ап open-hearth furnace шау be used; the process in either case aims 

first at complete fusion and purification of the iron, which can only be 

effected by means of the most intense heat, then special ingredients are 

added to the molten pure iron to produce particular qualities of steel.* 1 

When sufficient time has been allowed for blending, e steel is run out 

into & vertical mould and cast in the form of an ingot. Care must be 


. taken to prevent agitation iu the mould, and the ingot must be allowed 1 


to cool slowly.f 

To show the varieties of steel and the complete control that has Varieties of 
been attained over its manufacture, a table is here given of eight steel. 1 
different specimens that were made in the Royal Gun Factory in 1882 
to form a standard series. 

These were tested after the ordinary process of tempering in oil, and 
they form an interesting table, in which it will be observed that while 
the limits of elasticity and tenacity increase almost uniformly, the 
corresponding elongatious decrease with equal regularity. 


9 This, however, is not the case with crucible steel, for the ingredients are all 
vionsly arranged in aring the charge. A 
4 Жас description Ж % Везветег, Siemens-Martin, Basic, and other methods 
* manufacturing steel the reader must be referred to standard metallurgical works. 


ч 
{ 
\ 


v 
- Forging steel 


‚< 
l © 
k 


CHAP, 1. 


Gun ateel, 

— — А 

si) 
ч.м ka s 

= Г T e 
* 


677; 


ingots. 


Steal coils. 


16 ON METALS THAT HAVE BEEN USED FOR BRITISH ORDNANOE: 


TABLE ILe (УУ 


Showing results obtained with 2-inch tempered specimens of steel made 
in Royal Gun Factory, February, 1882. 


Tension in tons per square inch. 


Elongation 
Series, per cent. Remarks. 
On yielding. | On breaking. | n bresking. 
А 21 32 83 
B 24 36 27 
С 26 ~ 39 28 
D 27 41 18 
Е 32 48 18 
Е 88 56 14 
а 43 62 12 
н 50 71 10 


All ingots which are destined for parts of а gun, particularly those 
intended for barrels, are cast much shcrter and thicker than the 
dimensions required for the forging. This is not alone for convenience 
in casting, although itis evident that a short mould can be more readily 
heated, moved about, and placed in a pit than a long one; the real 
object lies in the increase of density and strength gained by the opera- 
tions of forging. The more work there is $ on an ingot in drawing 
it down under а hammer, the bétter will be the quality of the steel. 

Great care must be taken, however, that the steel is not overheated, 
nor should it be drawn down very much at any one operation; cast 
steel will not bear to be raised to a very high temperature, for this 
would change its malleability into brittleness, and careless forging will 
often produce serious faults in the structure; in either case the material 
would be ruined as regards use for the manufacture of guns. 

Mild steel, and especially the variety known as “manganese steel," 
may be rolled out into bars, and then coiled and welded like iron; but the 
heat must be carefully watched, and it should never exceed that which is 
absolutely required for welding, or be kept up longer than is necessary. 
This was а convenient method at first for making hollow cylinders 
of steel for the exterior parts of large guna; the material is superior 


* The following table of similar results obtained by Sir Joseph Whitworth, with 
his fluid compressed steel, was communicated to Captain Mackinlay, R.A., for a 
lecture nt о Royal Artillerp Institution in February, 1884. The specimens of steel 
were also exhibited at the same time: they were about 6 inches long, and their 
ductility was remarkabl , illustrating clearly the inverse ratio that existe 
between elongation and limit of tenacity. 


Tension іп tons 
per equare inch 
on breaking. 


Elongation 
per cent. 


No. of 
specimen, 
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to coiled iron, but it is not equal to cast and forged steel, so the 
manufacture has never been carried on to any very great extent. 

Hoops of cast steel supply the strongest material* known, except 
wire; these are cut from an ingot as discs, then punched and mandrilled 
out into rings, or the ingot drawn out under the hammer and trepanned. 

Different qualities of steel were at first used in different parts of a gun, 
but now there is only one specification for all the material employed. 
The varieties differed at one time both in the mode of manufacture and 
in their physical character ; they were termed soft, medium, and high, 
but it is necessary to add that the terms were comparative only, and 
that the extremes of difference in composition and character were 
necessarily restricted to within very narrow limits. 

Soft or mild steel, generally speaking, is that which contains very 
little carbon, is malleable, ductile, and capable of being welded. Hard 
or high steel has more carbon, is brittle and incapable of bearing high 
heat, but its tenacity and elasticity may be very great. Any steel can 
be drawn out into wire. 

All steel, as mentioned already. is capable of being hardened and 
tempered, although very mild specimens may not suffer much altera- 
tion. The operation of tempering consists in heating the steel to a 
moderate degree (the temperature varying according to the quality of 
the metal from about 1,300° to 1,550° Каћг.), and then plunging it at 
once into a medium which will abstract the heat more or less rapidly. 
Cold water, being a good conductor of heat, will bring down the tempera - 
ture quickly, and this renders the steel very hard: oil being a slower 
conductor is generally used to promote toughness as well as moderate 
hardness, =; this gives the special temper required in the material for 

в. Тһе result.of tempering and degree of hardness imparted, will 
pend very much on the amount of carbon in the steel and the heat to 
which it is raised; but when properly carried out, the operation of 
tempering has a marvellous effect in raising the elastic limit aud 
increasing the tenacity of good steel. 

It may be useful now to sum up the physical properties of cast steel 
and to contrast them with those of wrought iron, since these two 
materials have been extensively used in the manufacture of guns. 

Steel is a fusible, homogeneous variety of iron, containing a limited 
proportion of carbon with usually sull quantities of manganese and 
silicon also; it is highly elastic and strong; it may vary in quality 
from being brittle and hard, to malleable, ductile and tough. The 
softer varieties are capable of being heated and welded, but they can 
never possess fibrous structure to the extent developed in iron. Hard 
steels are entirely void of fibre, incapable of welding, brittle, crystalline 
in fracture, and they yield little to extension before rupture. In the 


* Experiments were carried out in 1881 to ascertain what class of material was 
beet suited for the exterior layers оп а gun. А steel cylinder open at both ends was 
girt in the centre by а strong band, dividing the cylinder into right and left halves : 
the vent and crusher gauge were also placed in thie band, which was made of great 
strength, to prevent any failure on one side from о ing by cracks, or in any other 
way, the effect on the other portion of the cylinder. ө materials in competition 
were shrunk on at either end, “р aud left of the strong central band. 

Shot with crusher gauges in the base were loaded at each end, and resistance was 
artificially increased to set up high pressures in this kind of double-ended gun. The 
results may be briefly stated as follows :— 

(а) Wrought iron coils e. Steel — * iem coils in each case expanded or 


ailed. 
5) Ditto о. Steel hoops.—The iron coils burst explosively. 
с) Steel coils,v. Steel hoops.—The coiled steel failed in each case. 
e * hoops by different makers.— АП stood the tests. | 
с.о. : š c 
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same way that the character of soft steel may be said to approach that 
of wrought iron, hard steel may be taken to resemble cast iron. 
Medium qualities combine most of the foregoing properties in modera- 
tion and varyin portion. АП steel will present a good surface, 
quite free from defects, and hard steel will take рээ equal to that of 
а mirror; wrought iron, on the other hand, will always show marks 
of welding when the mass is cut into as by the bore of a gun, 
especially after erosion of gas; and this material is liable to flaws 
from the presence of cinder and slag, from which cast steel must of 
course be entirely free. By tempering, the limits of tenacity and 
elasticity of steel may be raised to a very great extent, being then 
respectively about twice and three times as high in gun steel as in the 
best samples of iron; and, since the limit of elasticity determines the 
working strength of a gun, the ratio of strength in tempered forged 
steel and coiled iron may be и ан тен stated ав two to one. 

For comparison of metals that have been used in the construction 
of ordnance, a table is given below which shows some of the physical 
properties for each of the different materials; this table has been com- 
piled from records in the Royal Gun Factory, and fairly represents the 
results that have been obtained in testing specimens of the metals 
actually used hitherto in the manufacture of guns. ) 


TABLE ПЛ. 


Showing the Еглат:їс Ілміт, — Eroxcarrox of Metals used 
in R.G.F. 


Revised in 1883. 


Elongation per 
cent. at 


breaking. 
Bronze .. аж .. .. .. 29 
Cast iron .. .. е 
Wrought iron (іп the 80 
untem 28 
21 


The superiority of steel, both intrinsically and as material for any 
part of a gun, having been thoroughly established by the experiments 
conducted at Wootwich, the use of wrought iron was given up 
altogether in the year 1882: coiled steel also was superseded by cast 
steel forged into rings. Guns are now built up only of steel, of 
uniform eheracter, east amd forged, tempered and toughened in oil. 
The heat for t ing has been fixed at 1,450° Fabr. + 100°, and this 
is accurately obtamed by means of a Siemen’s electric pyrometer. 

The specification for contract, and tests with which all forgings 
ане destined for barrels ог hoops) must be made to comply, were 

сте Rand by the Ordnance Committee, and the following is a copy 
9 


а 2 ми уш were $00 short for the yielding point and elongation 
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TESTS TO BE APPLIED TO STEEL FOR ORDNANCE, ADAPTED FOR 
PRESENT Тивтімо Масніме ім Roxar бом FACTORIES. 


(Revised 10-11-84.) 
(To be-modified when larger test-pieces are adopted.) 


r 


PARTICULARS OF SPEOIMENS. 


From Tubes. 


Each end of forgings for tubes is to be made so much voger than is 
. needed for the length of the finished tube as to afford sufficient metal 

to give from the annulus between the outside of the forging and the 
bore of the tube (or the bore of the chamber, as the case may be), the 
eight specimens mentioned below, and also four spare specimens of 
similar dimensions, being twelve in all. 

The specimens, if cut longitudinally, are to be во sitnated that their 
insides will be in line with the circumference of tho bore, or of the 
chamber, as the case may be; and, if cut transversely, to be so situated 
that the middle of the length of each specimen shall be a tangent to 
the bore, or to the chamber, as the case may be. 


From Breech-pieces or Jackets. 


The end of the jacket or breech-piece which was nearest to the 
upper end of the original ingot is to be mado. во much longer than is 
needed for the length of the finished breech-piece or jacket, as to afford 
sufficient metal to give from the annulus between the outside of the 
forging and the bore of the breech-piece or jacket, the eight specimens 
required for the testing, and also four- spare specimens of similar 
dimensions, being twelve in all; the epecimens to be cat in the manner 
laid down for those from tubes. 


From Hoops. 


Hoops are to be treated as hollow forged breech-pieces,* but in cases 
where several hoops have been forged from one ingot, it will be only 
necessary to cut a ring from one end of one of the hoops; such ring 
being taken from the upper end of that hoop which was nearest to the 
upper part of the ingot. 


Птманвтона-оғ SPROIMENS AND TEMPERATURE AT WHICH THEY ARE 
то BE “ TEMPERED.” 


Tensile Specimens. 
Of each set of four, two are to be tested *untempered " and two 
pered." š 


“ 


Untempered. 
The operative part of each specimen is to have, for a length of 
2 inches, an uniform diameter of 0-533 inch. The enlarged ends of the 
specimens are to be made of a form to suit the holders of the testing 
machine, and are to be united to the operative part by easy curves, 


bed ios of h not more than 86 inches wide, it. will suffice if one set of test 
samples be taken from either.end of the hoop. The end to be selected by the testing 
officer. 


c 2 
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Tempered. 

Each specimen is to be cut in a parallel cylindrical form, 1 inch 
diameter and 4} inches long, then heated to between 1,850 and 1,550 
degrees Fahr. (a record of the actual temperature employed being kept 
for future information), and juod into a bath of rape oil having an 
initial temperature of 65 degrees Fahr. 

When cold the specimen is to be turned to testing size. 


Bending Specimens. 


Of each set of four, two are to be tested “ untempered" and two 
"t tempered.” 
Untempered. 
Each specimen is to be 4} inches long by $ inch wide by § inch 
thick. — 
Each specimen is to be cut to а width of 1:2 inch by a thickness of 


0:825 inch. It should be tempered as above described for the tensile 
specimens, and be reduced to testing size when cold. 


Tests. 


The whole of which are to be conducted cold. 


Subject to the four clauses at end of specification, the tensile speci- 
mens are to bear the following tests :— 


Пе t, tons per 
и" 


Not less Not more 
than than 


The bending specimens are to be pressed flatways with a semi- 
circular ended presser through one or more suitable apertures, furnished 
or not furnished with anti-friction rollers, at the option of the con- 
tractors. This test is to be borne without the steel exhibiting any 
indication of fracture. 


1. In cases where the forging in its untempered stale has passed the 
tests (with the allowance given by clauses 2 and 3), but fails to bear 
the required tests at either or both ends after tempering (also with the 
allowance given by clauses 2 and 8) at a temperature between the 
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limits laid down in the specification, a fresh set of samples may be 
taken from such end or ends of the forging and be tempered at a 
temperature, to be selected by the maker, but not lower than 1,200 
degrees, nor higher than 1,600 degrees, all the samples comprised in 
one set irom one end of the forging being tempered at опе tempera- 
ture. If the fresh set of samples fulfil the conditions, the forging may 
be considered to have the tests. The particulars of the first 
and second tempering should be recorded for guidance in tempering the 
metal for the gun. 

2. In cases where the samples in the untempered state have satisfied 
the tests of bending and elongation, but in which the other conditions 
of the ee relating to the untempered metal may not in all 
respects have been completely complied with, and in which the samples 
of the same forging have satisfied all the tests in the tempered state, 
the forging may be considered as having passed the tests. 

3. In cases where the samples from the forging have satisfied the 
tests for bending, elongation, and breaking, but exceed the superior 
limit of ре yielding tests, the forging шау ђе considered as having 

е tests. : 

4. The foregoing tests being made for the benefit of the Government, 
and not for that of the contractors, shall not relieve them from any 
—— they would be under in the absence of such tests, and 
shall not prevent the rejection of the steel should it be otherwise un- 
satisfactory. 

Specimens (steel) to be marked as follows :— 


OHAP. I. 
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OFAR. T. 1. 9. 
=> 3. 4. 5. 
1. Part of Gan. 
| b Н Ј L 
А Tube. Bréech-piece. В Tube. Hoops. Jackets. Liner. 
2... Maker. 


в С Е а у м 
Bolton. Gefamel. Firth, бәп Рвоюту. Vickers. Whitworth. 
8. -Divsetion of Specimens. 

| L R t 
Circumferential. Lengitudidal. Radial. Transverse. 
-4. Tréatment of Spectmens. 


O : 
Oil-tempered. Untempered. | Cut from piece tempéred-in mass. 
5. Position. 
в сі М 1) 
Вгевов. Centre. | Lower-end. Muszle. Upper-end. 


AF AF AF AF 
LUB LOB LUM LOM 
BC BC BC BC 
CUB. COB LUM LOM 
HG HG HG HG 
CUB COB CUM COM 
C. Dickson, General, 
President Ordnance Committee. 


THEORIES ІМ GUN CONSTRUCTION, 23 


PART I. 


— 


` CHAPTER Ц. 


CHAP. II. 


THEORIES IN GUN CONSTRUCTION AS APPLIED TO 


SERVICE ARTILLERY, 


Gan construction.— Forces acting within the- chamber when fired.—Pressure in the 
bore.—Resolution of the force.— Transverse stress.—Radial pressure and -cir- 
cumferential tension.—Variation of intensity.—Radial transmission of strain.— 


Barlow's law.—Hart’s law.—Rankine’s formul®.—Thin oylinders.—Ratio of ` 


thickness to internal diameter.—Thick cylinders.—Mean and maximum hoop- 
tension.—Curves representing pressure and tension.—Limit of pressure.—Total 
resistance and total strength.—Concentric hoops.—Shrinking.—Employment of 
mass for initial compression.—Similar aunuli.—Colonel Gadolin's theorem.— 
‘Varying elasticity—Steel barrele.—Palliser principle.—Italian guns.—Longi- 
tudinal stress. —Compaerison of longitudinal and circumferential вігезеев.--Мебһой 
of calculating strength of guns employed in B.G.F.—Service systems of con- 
struction.—Original.—Modified.—Fraser.—Marking by numerals, —Experiments 
and trials.—HR.G.F. system.—Return to B.L. guns.—Development of power.— 
Steel constructions.—Crose strain near the breech-sorew.--Wire.guns.—Adwan- 
tages in wire.—Objections.—Conditions of use. 


Ix the manufacture of modern guns, there are many points to be 
considered which involve theories and calculations sometimes of a eom- 
plicated nature; so in designing and working out the details of a 
piece, these different considerations require to be arranged for harmony 
and general advantage, in order that a gun of any given weight may 
possess а maximum power with proper facility for firing. 

, Gun manufacture may be said to embrace all the. following questions, 
viz.:— ` 
(9 Material. 
(2) Construction. 
2 Design. 
4) Muzzle or breech-loading. 

5) Rifling. 

6) Firing arrangement. 

(7) Sights, or means of laying, the best suited to the method of 
\ mounting. | 

(8) And all other matters оѓ detail connected with the fittings on a 


. gun. 

“ Material” has been discussed in the previous chapter; the next point 
is “construction,” but neither space nor present knowledge will admit 
of this subject being dealt with exhaustively ; an attempt, however, will 
be made to explain the character of some necessary investigations, and 
to exemplify different systems of construction by reference to the classes 


`of guns which have been successively adopted for service, 


Principal 
considerations 
in the manu- 
facture of 
ordnance. 


Gan oon- 
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CHAP. 11. 
- ‘Forces acting In the first place it is necessary to understand the nature and inten- 
within a sity of the forces which act upon a gun when fired with a heavy 


Gun Construction. 


red. charge. 
The origin of stress is the rapid generation of gas in a chamber of 
the powder ) very limited size compared with the volume which the would 


occupy if unconfined. The evolution of gas is the work of a. period 
of time, and its action upon the inner surface of a gun has been 
roved to possess the nature of a pressure and not that of an impulse. 
ао А have been devised for measuring this pressure іп the bore, | 
во we are able to investigate the force according to the laws which я | 
govern the behaviour of a gas. $ | 
Powder- For a moment after ignition of the charge, that is to say, until the / > 
chamber con- projectile is well set in motion, we may consider the chamber of the 2597 
sidered asa gun as а closed cylinder containing gas at a very high density, which < 7 
closed exerts a fluid pressure on the walls of this p of the gun with со; y& | 
cylinder. siderable intensity : movement in the shot (like the opening of a valve) 3 
` relieves the structure which after certain progress of combustion in the ~ 3 
charge was labouring under the full working pressure assigned to the S— 


s Р : қ ў > 
Resolution of It is convenient for purposes of construction, as well as for theoretical 
the force. investigation, to resolve the forces contained in this fluid pressure iu 


two directions at right angles to each other, viz.: parallel and perpen- 
dicular to the axis of the piece; and then to deal separately with each 
resolved portion of the force in working out the construction of a 
п. 

бин ца These principal stresses cause corresponding tension ог strain іп the 

strain. metal. Strain is measured by the ratio of extension to original length ; 
and this may be estimated on the diameter of a circle as well as on the 
length of а straight bar. Disregarding for the present the effect upon 
the end of the bore, which we may consider sufficiently strong to prevent 
failure at that pot the stress tend, either to split the gun longitudinally 
in the region of the chamber, ог to produce а transverse fracture between 
the end of the bore and some point represented by the base of the shot 
at the moment of maximum pressure. These two effects are commonly 
called the transverse and longitudinal strains. 

We may аззаше that the strain at any part is proportional to 
the intensity of the calculated stress; there are no doubt subsidiary 
strains, but these may be neglected without appreciable error. Lamé 
has shown in his ** Lecons sur l'Elasticité " that the p stresses 

| may be separately dealt with, and also that if taken together the 
Ба `> consideration of them would lead to much complication and difficulty. 
í Transverse | The transverse stress has a tendency to burst а gun, t.e, to split the 
\ and longitudi- chamber in the direction of its length. The longitudinal stress tends 
“gal stress,“ to break open the chamber transversely. We must now proceed to 
investigate the intensity of force in-the transverse and longitudinal 
directions, at different parts of the structure and at varying distance 
from the axis of the piece. 


Transverse Stress. 


Radial Taking a unit length of the chamber measured along the axis of the 
pressureand gun, it is evident from the figure here given that the radial pressure of 
сое the gas at апу point is converted into a circumferential tension of the - 
БА лоп; mater ud that this force is resisted by the taagential strength of 

the metal. 
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AR” 


In the days of cast-iron guns, the requisite strength was provided 
by increasing the thickness of metal, but no manufacturing change 
was adopted to regulate the strength of the material itself according 
to the varying intensity of strain at different radial distances from the 
axis of the piece. 

Now tension diminishes towards the exterior: for if we imagine the 
thickness of the metal to consist of an indefinite number of concentric 
rings, the tension of the innermost ring must balance a portion of the 
pressure of the gas, so that only а diminished pressure is transmitted 
to the second ring, which therefore has less tension than the first; and 
во on to the exterior surface. But the outer ring (in homogeneous 
metal) would be intrinsically as strong as the inner, so the full strength 
of any thickness of metal can never be fully brought into play. Соп- 
sidering the internal diameter constant, every additional unit of thickness 
with decreasing usefulness, very greatly increases the weight: so by 
casting alone it is evident that the strength of a gun cannot be made in 
proportion to its own weight. In fact, whatever may be the thickness 
of metal, strength is limited by the degree of tenacity in the material ; 
for if the inner surface were t» crack under pressure of gas, total 
failure must follow in time, and probably with explosive effect. 

The radial transmission of strain is our first point for mathematical 
investigation, and this has been thoroughly discussed by many very 
eminent men. 

Treating the chamber of a gun as а closed cylinder subject to high 
pressure within, Professor Barlow, F.R.S., established a law that the 
strain at any point in the metal must vary inversely as the square of 
its distance from the axis of the chamber. 

А simple proof of this law шау be given in the following manner :— 
Assuming the metal to be нб Њени and the time instantaneous, 
some expansion of the cylinder must obviously occur when the internal 
pressure is sufficiently high to cause any strain in the metal. Then 


XL. 


Variation of 
tension. 


Objection to 
casting. 


О 
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mission of 
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Barlow's law” 
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ОНАР. И. taking a right section through the cylinder, the annulus of expansion 
m within must be equal to the annulus of expansion without. If we take 


”2 
/ 
/ 
|| 
k | 
| 
! В 
\ 
\ 
\ 
N 
r and R as the internal and external radii of one wall of the chamber, 4 


and dr, dR as the increments of length at the moment of expansion, 
it follows that 


r (с+ау—») == [ва], > 


and this equation becomes by reduction and neglecting the squares of 
differentials, 
г. 4г = R. dR, 


from which a ratio may be obtained for the оошрагівол of strain at the 
inner and outer surface of metal, viz. ; 


dr dR... ра. аз. 
Sig об: 


in other words, the strain at any point in the metal, will vary inversely 
with the square of the radial distance of that point from the axis of the 
cylinder. 

Hence if the strain at the inner surface be known from the pressure 
exerted within, say S, end о be the strain at any point where radial 
distance is p, we obtain the general erpression 


:= (Z): s. 


Bat this formula is not strictly correct even with homogeneous 
metal, for there should be an external pressure to balance the pressure 
within, a condition which is seldom fulfilled; except perhaps in the case 
of one ring ір а system of concentric hoops. 5 
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Taking compressibility into account, Dr. Hart, Fellow of Trinity ОНАР. П. 
College, Dublin, calculated that a greater amount of tension was trans- у law 
mitted towards the exterior. His formula with similar. notation. may 4 


Тө written 
г \3 оз + № 
“= (7). n R 8, 


ог for the comparison of strain on the inside and outside, when р = В 
-and с = 8, 


2 r3 
= DR 8. 
t will be instructive to apply these two formule by way of an 


example to a 68-pr. cast-iron gun, in which ғ and R may be taken'as 4 
4nd. 18 inches respectively. 


By Barlow's law, s — 15 S, or approximately th of S. 


By Hart's law, s — = 8, or approximately ith of В. 


The difference of the formule is thus shown to be great; perhaps some 

mean is correct, but Hart's is acknowledged to be the more accurate 

of the two. . 
In 1860 this question formed the subject of а paper which was read Longridge, 

at the Royal Institution by Mr. Longridge, C.E. More recently it has Rankine, 

been fully discussed by Professor Rankine, late Regius Professor at and Lamé. 

the University of Glasgow ; and М. Гашб is а very great authority in 


this matter. m 
Fora complete solution of the problem it appears that thin and thick SUE 
cylinders must be separately dealt with: the former will enable us to ^ ‘ 7 


understand the general system of investigation, but the latter present 
conditions which more nearly resemble a gun. Professor Kankine 
supplies the following method of dealing with this subject.* 

aking a cylinder of very thin metal, the thicknessof which /, is so Rankine’ 
small compared with the radius r, that the strain may be considered MEE 
ав uniformly distributed throughout, and considering one unit of length у 


Tis 


* See Rankine’s “ Applied Mechanics." 
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measured along the axis of the cylinder; the tendency to rupture in 
any plane AB is due to the fluid pressure p per unit of area acting over 
the internal diameter ; and the strength to resist rupture is the tenacity 
of the two walls of metal t, t. Тһе tension therefore upon the ring 
at any point is equal to the pressure multiplied by & semi-diameter ; 
and for Из intensity 4 we obtain the expression 


r 
9 = E. 


This is the force per unit of length tending to split the cylinder 
lengthways. 

sy substituting in this equation the full tenacity of the metal in lieu 
of the tension applied, we arrive at the ratio of thickness to semi- 
diameter when the pressure is on the point of bursting the cylinder, 
Viz. | 


t= Р. 
Р 


f 


These formule may now be applied to a thick hollow cylinder, in 
which the circumferential tension cannot be considered uniformly dis- 
tributed through the material. 

The mean hoop-tension in a series of imaginary rings, of a total 
thickness represented by 1, is given as before by the expression 


4- T but it is not mean but the greatest tension (that is, the 


tension round the inner surface) which is limited by the strength of 
material. So we require to investigate the law of variation of tension, 
and to ascertain the relation which the maximum bears to the pressure 
within. 

For a general solution it must be supposed that there is u pressure 
outside аз well as the pressure within—it only becomes insignificant at 
the exterior of а gun 
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Then let r and R, in the accompanying figure, be the internal and 
external radii; p, and ро the pressure per unit of area within and 
—— and 9: ф the hoop-tensions at the inner and outer surfaces of 
metal. 

Now consider аз before one unit of length measured on the axis of the 
cylinder: a radial section of that ring has to sustain the difference 
between the total pressures from within and without, that is p, r — p, Б. 

Conceive this ring to be divided up into ап indefinite number of 
hoops, each of the thickness dr, and exerting a tension of intensity 4; 


then the total hoop tension will be | 9 dr; and it follows that 


R 
| qdr=pr—pR. ... (А) 
» à 


» From the symmetry of the ring and the nature of the forces acting 
upon it in all directions round the centre, it is clear the axes of stress of 
any particle of metal must be respectively in the direction of the radius 
&nd perpendicular to that direction; that is to say, we have at any 
pe а radial pressure p ure in intensity from р, at the inner sur- 

асе to p, at the outer; and а hoop-tension 4 also variable from q, to 
9 in proportion to the intensity of p. 

We may consider each of these principal stresses to be made up of 
two component pairs, viz. : і 

A pair of equal stresses of the same kind whose common intensity, 
stated so as to be a tension when positive and a pressure when nega- 


tive, may be represented by the expression oF = m: and a pair of 


equal stresses of contrary kinds, whose common intensity is 2 = п. 


Hence ç = п + m and p = п — т. 

The problem will have to be solved by considering each of these 
cases alone, and afterwards combining their effects; but only the 
—— of equation (А) are admissible which аге true for all values of 
ғап 

Taking the first case alone; then п = o, and q = т = — p, which 
shows that instead of a pressure a radial tension exists, which is equal 
to the hoop-tension of intensity m. Equation (A) is fulfilled by making 
m constant (k) which reduces both sides of the equation to £ (R — r). 

In the second case m = o; then q = n = p; and the solution of 


equation (А) is arrived at by makiug q = p = n = : , where с is an 
arbitrary constant, and p any value of the radius from r to R: for 
this reduces both sides of the equation to с 1-1 ) А 


Combining the two partial solutions we find that : 
The radial pressure р = я = т == - k 
and the hoop tensiong = n + m= > +k 


These equations for tension and pressure can be represented by 
eurves; for taking the centre of the bore as an origin of co-ordinates, 
pp and qq can be drawn according to the ordinates obtained from the 


CHAP. П. 
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equation y — E +k If the value of 5 be ignored the curves are 


identical, and the pressure-and tension become apparently equal. This 
would be an illustration of Barlow’s law, which asserts simply that the 
strain varies inversely as the square of the distance; but it is also 
strictly correct according to the more accurate theories of Lamé and 
Rankine, when the internal and external pressures are inversely 
proportional to the squares of the radial distances of the surfaces to 
which they are applie 


To determine the constants c and k, we have the equations ^, «е k = рү 
and’ m — k = py; whence 
— #1 — Ро) В? т 
на — 
r? — p, В? 
Је = пи 


giving as a maximum hoop-tension, when g, = = + № as follows :— 


— R 
пери"... (в) 


Now the mean hoop-tension iir — Po Ë ; and this is exceeded by 


the maximum in the preportion of Са = — А an expression 
Т“ Ро 


which tends towards equality ав ғ and R become more nearly equal. 
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A similar expression can be obtained for comparison of the mean CHAP. П. 
with the minimum ; 80 we have arrived at а law regarding the trans- — 
mission of strain, and the application of this law to the chamber of a 
gan will depend upon the values which may be assigned to the internal 

iameter, the thickness of metal, and the pressure of gas in the bore. 

By a transposition of the equation for maximum tension we can obtain Limit of 
a ratio between the external and internal semi-diameters, when the pressure. 
tension would be just sufficient to cause rupture: the hoop-tension 
(qı) would then be as great as the tenacity of the material (f), and 


Е = Z= Neglecting the — pressure, which is 
comparatively small, this ratio may be written - = ЕБ . 


Hence if the pressure becomes equal to, or greater than, the tenacity of 
the metal, no thickness, however great, will enable the chamber to resist that 


We can now find the total resistance which any hollow cylinder Total reeist- 


: would offer to a pressure within, and compare this working power in ance to 


the metal with the total strength of the wall, supposing that all the rupture. 
рука іп the thickness of metal could be brought into play. 
` Taking any radius О ғ R, draw ordinates "А and RB to represent the 


intensity of strain according to the value of n, or 3 . 
Then r A: КВ :: R*: 13, 


А 


` ; 8 
УУ 
= R 
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and A and B are points in a hyperbola of the second order. Draw the 
curve, and if Ar is taken as equivalent to the tenacity of the material, 
the area rABR is evidently а measure of all the resistance that can be 
offered by the whole thickness of metal. 

Let E represent this area or measure of useful effect, then 


= OR (It — 7). 


Now the whole strength of the metal could only be brought into play 
on the supposition that the tension was uniformly distributed through- 
out, and equal to the ultimate tenacity of the metal. Тһе resistance 


then would correspond to 2 (В — г). Comparing this total strength, 


which we will call S, with the actual resistance E, we obtain the 
ratio— 


с 
Е rR (1: = 9: м 
T^ TR 


From this we may draw two deductions : firstly, that the thinuer the 
wall, the more nearly E approaches the value of S, and the greater the 
proportional amount of work done by the metal; secondly, that the 
greater the value of ғ, or calibre of a gun, the more advantageously 
can thickness of metal be increased. 

To obviate as far as possible the unequal distribution of strain, and 

to increase the strength of that part which has to endure the maximum 
stress, guns have been built up of late on various systems of concentric 
hoops; the outer hoops being shrunk on in succession to support and 
compress the interior, and so strengthen the inner metal beforehand 
to meet a greater stress than it otherwise would be prepared to with- 
stand. Within a certain distance of the bore the material should thus 
be placed in a state of initial compression, and beyond this distance 
іп а state of circumferential tension. This tension of outer material 
grips the inmost cylinder of metal, and transfers some of the exterior* 
strength towards the surface within, where the greatest strain will be 
felt. 
* In the earliest forms of construction, and in the wire gun, an attempt 
was made fo build up very numerous laminæ of metal, so that on apply- 
ing & particular internal pressure, a uniform tension would be developed 
throughout. 

If this idea could be strictly fulfilled, every part of the gun would 
take au equal share of the strain; but perfection cannot be attained. 
Thin hoops expanded by heat for the purpose of being shrunk over a 
tube are liable to be held in а state of extension without exercising 
compression at all, and tension of this kind is weakness.  Ex- 
perience has shown that the full benefit of compression cannot be 
obtained without the employment of mass; and the mass of each hoo 
мэн be sufficient to dominate over the rigid resistance of all the metal 
within. 
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By shrinking heated rings of suitable size on the core of a gun, and 
allowing them to cool and contract in position, a statical force is called 
into existence sufficient to compress the metal immediately surrounding 
the bore. This firm grip must be first overcome before the compression 
is changed into tension, aud thus a large share of the strain is thrown 
upon exterior metal which otherwise might be only dead-weight. No 
strength of material is exactly created, but а force 18 brought into play 
by the hoops under shrinkage, which must be neutralised by some of 
the pressure within before any strain can be felt, and then only a 
reduced stress is left to attack the metal under its normal condition of 
elasticity and molecular strength. 

The system of building up а gun in this manner was employed first 
by Sir Wm. Armstrong at Elswick, to whom we are indebted for the 
earliest rifled guns in the service; but the adoption of mass as an 
essential condition in this concentration of strength was an improve- 
ment introduced in the Royal Gun Factory. No*formula for thickness 
of rings can be given wbich would be applicable to all guns that have 
been made during the last twenty-five years; but, speaking approxi- 
mately, the Mikro of exterior coils of wrought iron has been 
generally arranged во that a section through the breech of а gun 
sliould present a series of similar annuli. Тһе exact dimensions have 
been determined by special consideration of each case, so that as an 
absolute rule similarity in the rings has seldom been strictly produced ; 
for primary calculation however the relative thickness of any two layers 
, may be ascertained from the ratio 


d, : d: : ds š а, 
` or ds = Мах а, 


This method of calculation agrees with the theorem which has been 


attributed to Colonel Gadolin, of the French Army, viz.:—That the Gadolin’s 4v" 


maximum strength of a gun built up in tubes of the same kind of 
material, is obtained by making the semi-diameters of the exterior 
surfaces increase in geometrical progression. 

In a system of concentric tubes, thus built up by shrinking one 
over another, the outer tube will evidently be left in a state of tension, 
and the inner tube in a state of compression; while any middle portions 
should be in compression with regard to the tube next outside, and in 
tension with regard to the next tube within. The radial pressure of 
the gas through any such system will of course be continuous from 
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within to without, subject only to the law of diminution for distance ; 
but in passing from one tube to another there must be discontinuity m 
the hoop-tension. This point has been fully explained by Profemwer 
Greenhill in a recent investigetion for the ance Committee. 

In the di herewith, initial compression is shown by negative, 
aad tension by positive ordinates ; the curves on the left are intended 


е 


to represent their relative values according to existence іп а state of 
repose, and the curves on the right the alteration supposed to take 
place when an internal pressure is applied. Compression ought then 
to be entirely changed into tension, and all the tensions should be 


increased. 


We come next to а principle in gun construction which is supple- 
mentary to that of initial compression, viz.: the combination of 
different metals in different parts of а gun, the elasticity of which 
should be proportional to the intensity of strain. 

Elasticity is the real limit of strength, ánd not the tenacity of the 
metal; for if permanent extension — to take place, the material 
is weakened, and expansion may be followed by consequences of a 
scrious nature. A combination of metals with this object in view has 
been termed a principle of “varying elasticity,” and accordingly we find 
that steel and wrought iron were combined in the manufacture of guns. 

Steel barrels were first introduced merely as a lining for wrought- 
iron guns to obtain a hard surface in the bore, more durable than iron, 
and more free from defects; but steel happens to possess much higher 
limit of elasticity than iron, with only а small degree of extension 
tinder high tensile strain. This strong material, when placed in proxi- 
mity with the maximum stress, absorbs a large share of the strain; and 
although introduced аз в mere lining at first, it really brought а new 
principle into construction. Тһе elasticity of the steel near the surface 
of the bore balances a large proportion of tension on firing, and the 
smali expansion of the tube transmits а small pressure to the next 
layer of weaker material. 

Both these principles, viz., initial compression and varying elasti- 
city, must be exercised within definite limits. ‘Initial tension” must 
never excced or even too closely approach the limit of elasticity in the 
motal; for if the gun should be subjected to ап abnormal stress, that 


ТЕ 
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limit might be passed, and the hoop would bp permanently stretched. 
In such а case varying elasticity might prove to be a source of risk; 
for if the hoops on a gun were expanded while the barrel returned to 
its original size, the latter would be left unsupported. The steel would 
probably expand again up to the iron, but the might also be said 
in a way to have no greater strength than that of the barrel itself. 
So an excessive pressure in the bore, which might not apparently 
damage the gun or cause any visible injury, would render the pe 
unsafe for the future. The jacket alone might be strong enough to 
meet the contingency of possible failure within, but exterior strength 
would only prevent ап explosion; а cracked barrel must render the 
gun quite unserviceable, though further rounds might be fired without 
necessarily causing an accident, 

With tbis danger in view, the late Sir Wm. Palliser urged that the 
more ductile metal should form the interior lining, and he applied thia 
suggestion to а combination of cast and wrought iron. А barrel of 
the softer material would of course maintain touch with a rigid ex- 
terior case; but this combination is based on ductility and relative 
strength, rather thau upon varying elasticity in the two descriptions 
of iron. It was adopted as a measure of economy for the conversion of 
existing cast iron ordnance, and not for the manufacture of new 
Ав regards permanent contact this principle appears to be шан but 
a combination of steels would be found more effective, with the ad- 
vantage of initial compression. 

The Italian Government have tried making guns of cast iron and 
steel, shrinking hoops of the latter upon a body or core of cast iron. 
This is just the reverse of the Palliser system; for a hard and un- 
yielding interior is supported by the tension of hoops, instead of а 
soft barrel being expanded to contact with a brittle and unyielding 
case. A hard surface is given to the bore by cast iron, and its 
hardness may help to transmit pressure to the strained rings of steel, 
while incapability of extension to any degree must ensure permanent 
contact. Guns of this kind are comparatively cheap, but-power is 
sacrificed to price, and the system requires to be prov А 100-ton 
gun has been made on this plan, e ft han ough some trials 
to the satisfaction of those who designed it. Modern slow-burning 
powder will contribute towards its chance of success, buf cast iron is 8 
weak and treacherous metal, and the strength of a gun of this kind 
must depend on the support which it gets from the hoops; by sub- 
stituting a core of tough steel for one of cast iron, we unite the 
Italian and Palliser systems, and approach the most modern construc- 
tion. 

Two lessons have been learned from experience іп varying elasticity: 
one, that if the support of the inner barrel depends on the tension of 
hoops under shrinkage, dactility must be avoided in the outer material, 
although a certain power of elongation is desirable as a proof of the 
absence of brittleness; the other, that recovery after expansion (if not 
equal in the different hoops) should be quickest in external rings, to 
preserve contact throughout the period of stress, and avoid the dislodg- 
ment of any part of the gum by a continued pressure at the end of the 

bore while the grip of the hoops is relaxed. 


Longitudinal Stress. 


The second principal stress on а gun when fired, is the force acting 
upon the end of the bore which tends to break the breech portion 
transversely between this point of application of the force and the 
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base of the shot, wherever that may be, before sufficient movement of 
the latter in the bore has had the effect of reducing the pressure and 
consequent strain on the gun. 

In muzzle-loading guns built up with solid-ended steel tubes and a 
thick jacket of welded wrought iron, the end-strength was. naturally 
great, and this point received little attention. In breech-loading guns, 
however, and in any system of construction employing steel hoo 
which cannot be united firmly together in the direction of length, 
longitudinal strength becomes a question of primary importance. The 
calculations are more simple than in estimating tangential strain, for 
any variation of tension in the thickness of metal may be generally 
speaking neglected. 

The force tending to produce rupture — із the unit of 
pressure multiplied by the sectional area of the bore, viz.: p х r ° 
Considering this to be uniformly met by the whole annulus of metal 
т (К? — 72) the intensity of this tension is measured by the expression 

x 
т (RI—73)" 

By comparison of this expression for longitudinal tension with the 
formula for greatest hoop-tension (when the external pressure is 
ere obtain a ratio between the circumferential and longitudinal 
strain; thus :— 


[pacts же 
a т vela 


: : Rš + + : r 


In one calibre of thickness (when R=3r) this ratio would become 
10 to 1. But the intensity near the surface of the bore longitudinally 
as well as transversely must be greater than that which is transmitted 
through a large mass of metal; so this comparison would be accurate 
only when dealing with very thin tubes. If К is taken as equal to $ r, 
the ratio becomes 13 : 4. This shows that an ordinary steel barrel 
in wrought iron guns is subjected to a stress about three times as great 
circumferentially as in a longitudinal direction. 


M Method of Calculating Strength of Guns. 


t 
Қы The foregoing principles are practically applied іп the R.G.F. ав 


tudinally. 


follows :— 

The longitudinal strength is considered separately from the circum- 
ferential, and is specially provided for by “ shoulders,” the resistance to 
shearing of which constitutes the longitudinal strength as calculated. 
No account is taken of frictional grip due to shrinkage, for it is 
considered as extremely probable that at the critical moment this 
becomes loosened by the elasticity of the different layers asserting 
itself more эрү towards the interior as soon as the highest pressure 
has passed, while there is still a considerable longitudinal strain. Be 
this as it may, however, it is considered inadvisable to rely upon 
shrinkage in any way for longitudinal strength, and, consequently, any 
strength in this direction derived from the frictional grip will be in 
addition to the calculated strength. 

The strain sustained by a shoulder is taken as a purely shearing 
one, and the strength of a shoulder is consequently dependent on its 
length; shearing strength, like resistance to tension, being directly 
proportional to the extent of surface where separation would take 
place. These strengths are also here taken to be egual (in tons per 
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square inch), which, if not strictly true, is rather in favour of the 
shearing strength. 

The calculation, therefore, of length of shoulder for а given hoop is 
simple. _For if AB is the supporting hoop, of internal and external 


A B 


— чийн 


radii ғ, R and length of shoulder ab (= { say), it is only necessary to 
make the cylindrical area of ab = the annular sectional area of the 
hoop, or— ç 
БА — r?) = 2х1 
"Он 


1.6., 1 = 77%, 


The actual longitudinal strength of this arrangement would appear 

to be— Ч. : 
т (БВЗ-- 2) T 
or, 38xrlT 

Т being the resistance to rupture by tension or shearing in tons per 
square inch of material where separation would take place. But of 
course this is not strictly true, for the strain is not uniformly 
distributed throughout the thickness of the hoop. It may fairly. 
however, be said fo represent the strength of the shoulder, and this 
will stall events’ not be ¿Zes than that of the hoop, and the strain is 
transmitted from the interior outwards in precisely the same way as 
when frictional grip alone is relied on. 

For Өноцулчары strength the formula employed is— Circum- 


/ В? — ferentially. 
Р-(Бүа)С ++p (B) 30) 


Yibo nomenclature for any hoop being— 
P = internal pressure. 
р = external  , 
— external radius. 
ғ = internal ,, 
T — maximum strain (in tons per square inch) to 
which the material is subjected. 

When there ін а series of concentric hoops shrunk together these 
are numbered 1, 2, 8, &c., from the interior outwards, and the formula 
applying to each similarly numbered to prevent confusion. Thus, for 
the л® hoop from the interior— 


У J 


Р (fees) (Ts + pa) + p, 


Inasmuch аз the external pressure оп опе hoop is necessarily equal 
to the internal pressure on that next outside it we must have the p of 
one formula dependent on the value of P belonging to the hoop shrunk 
ovcr it, so that— 


р = Ps 
Рз = P, 


ра = Ра 


OHAP. П. 
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until we get to the outside hoop of all, where the external pressure 
becomes that due to the atmosphere, and may be comsidered ад xii, во 
here p becomes 0. 

The above formula, of course, gives the relation counecting internal 
pressure and the strain put upon the material, and is practically 
employed to calculate the internal pressure a given combination ша 
be subjected to, without exceeding a fixed limit of strain un the material. 
The value of T has been fixed fer all cases by experience at the follow- 
ing values, as representing the elastic limits of the materials mentioned. 

For 

A tubes unlined — .. T .. 15 tons per square inch. 


Steel lined. oe se 18 n 


Breech-pieces, hoops, &c. .. .. 18 ” 
Steel coils ee ae oe ee 15 ” 
Wrought-iron coils .. «ө ані "E 


” 
The steel is all tempered ог oil hardened, and it will be observed 
that these values are much below those required by contract for 
specimens, the latter being— 


Elastic Limit. Breaking Stvain. 
For untempered steel .. .. 11 — 15 27 — 85 
” tempered ” .. ee 25 тэ 83 88 — 48 


The explanation is that the tempering in large masses і8 not so 
active in ite effect as when only a small piece is treated. Again, 
when the surface is subjected to local destruction, as in the case of the 
unlined A tube, where erosion by the powder gas takes place, a 
considerable deduction has to be made from the strength otherwise 
aesumable. It must be remembered, however, that there is a consider- 
able margin of safety between the so-called elastic limit and the point 
of rupture, though this margin may, under certain circumstances, be 
reduced. Experiment has gone to prove that if the original elastic 
limit is exceeded it &oes not necessarily mean a permanent weakening 
of the material, though permanent extension may take place, but 
rather a readjustment, of the elastic limit, this having been raised to 
the point where the strain stopped. For, in order now to produce a 
further permanent extension this strain must in its turn be exceeded 
when a fresh adjustment of elastic limit will ensue, and so on until the 
breaking strain is reached, when rupture will inevitably take place, no 
matter what the previous steps may have been. The point apparently 
being that the breaking strain is a definite limit, which no lesser strain 
will affect one way or the other. The elastic limit, however, is subject 
to variation, and it is well not to exceed it if the material is to retain its 
form and if the margin between the stretching and breaking points is 
to be preserved. 

In the case of “ liners,” no strength is accredited; for, being put in 
without shrinkage, they are taken as so much packing, and their effect 
as regards calculation of strength might be ignored but for the fact 
that they distribute the strain to a larger area, and, consequently, its 
value per square inch is altered. Of courso here, as in the case of 
shrin friction with reference to longitudinal strength, any circum- 
ferential strength derived from the “ liner " will be in addition to that 
calculated for. 

If P, represents the internal pressure on a liner, and P, that ітапв- 
mitted to the interior of the А tube, and r, В, the respective radii, 
the formula for distribution of strain due to liner is therefore simply— 


P,=P, ËL 


тү 


D 
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To illustrate the application of the above methods we may take ап CHAP. IT. 
—— example, Suppose а gun constructed sectionally as in the em 
gure— 


_ — 


1 being a “ liner” of radii, 5 and 6 inches. 

2 a steel A-tube of radii, 6 and 10 inches. 

8 a wrought-iron coiled breech-piece, radii 10 and 20 inches. 

4 a coiled steel hoop, radii 20 and 30 inches. 
It is required to find the pressure per square inoh that сав be applied 
in the powder chamber without exceeding the elastic limits as luid 
down for the various materials. 

Commencing with 4 we have— 


80°—20 > E 
P, = (5% 15 = 577 = ps 


` 208—1 1 
[ | P, = НЯ) (9 +577) + 5°77 = 14:08 = Pa 


108--68 
UJ Pw (төре (18 + 14-63) + 14:68 ж 29-99 


the ргезвпге per square inch allowable in the powder chamber, 

As a matter of precaution, no gun is allowed to be subjected to the 
full amount of a strain thus calculated, the charges being so arranged 
that the pressure shall not exceed two-thirds of this,so that under 
hee | conditions the elastic limit of no part of the material msy ђе 
reached or permanent extension take place. 


Systems of Construction in Service Artillery, “rt ` 


There are severa] classes of M.L. and B.L. guns in the service, made Servico 
at different periods іп the history of rifled artillery, which іп a greater systems of 
өг less embody the foregoing principles of manufacture. construction. 

The earliest is known as the “Original,” or “ Armstrong construo- Original 
tion,” for we are indebted to Sir William Armstrong, of Elswick, for system, 
the first rifled guns in the service. This system consisted of forming 
з harrel or tube of coiled iron, made up to the required length by uniting 
short welded cylinders together, over which a solid forged breech-pieoa 
was placed, to provide end-strength in the gun, while over all Кош 
b to the muzzle wrought iron eoils were successively shrunk, to 
give the requisite strength transversely. In adopting wrought iron as 
a material for guns much gain was secured in tensile strength, com- 
pared with the strength of cast iron, which was the metal previously 
used; the fibre in the iron was disposed so as best to meet the strein 
in а gun; and the method of shrinking was introduced both for іп- 
creasing the strength and for building up guns of lerge size. The 
several portions, however, were united by shrinkage elone, so that 
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friction was an element in the longitudinal strength of these guns. 
The material, too, though ing higher tenacity than cast iron, 
was soft and ductile; but the charges were not сабау heavy to 
give rise to much permanent expansion, and the projectiles, being 
coated with lead, were not of a nature to cause much injury in the bore. 

The difficulty of manufacturing sound barrels of coiled iron led 

subsequently to their being made by the process of forging in one solid 
iece, which was afterwards bored out for а tube. These solid-forged 
гтејв presented a clean surface in the bore, but half the tangential 
strength of this quantity of metal (and that too is the moet important 
part of а gun) was sacrificed by the change. Longitudinal fissuring 
also became quickly apparent, and this tended further to weakness 
and to ehorten the life of а gun. Forged barrels were therefore soon 
discontinued. 

Steel tubes were next used, for the sake of strength, hardness, and 
freedom from flaws, without any change in construction. These, at 
first, in experimental guns, were closed at the breech end in the same 
manner as wrought iron barrels. Then solid-ended stecl tubes were 
proposed and finally adopted for service; but the production of steel 
was then scarcely matured; steel barrels were expensive and the metal 
uncertain, so for several years this material was considered under 
probation. 

Both M.L. and B.L. guns were made in this manner; but changes 
were suggested in the Royal Gun Factory, which led to another class 
of ordnance being built up on what may be termed а “modified 
system." Bars of larger section were coiled by means of more 
powerful machinery, so that the thickness of each coil was increased 
and the number of pieces in a gun were diminished. Hook-joints 
also were introduced to add to the longitudinal strength. But the 
chief feature perhaps was the welding of the trunnion ring to the 
breech coil, now sufficiently thick for this purpose, so that по 
separation could take place between the end of the bore and the 
trunnions which hold the gun to its carriage, without rupture of a great 
thickness of iron, and the bulk of the metal was thus made available to 
meet both the principal strains in a gun. 

This system, however, proved to be only a stepping-stone to a better 
method, suggested by the late Mr. Fraser, M.I.C.E., Deputy Assistant 
Superintendent of the Royal Gun Factory. He instituted the manu- 
facture of double and triple coils, which were formed by winding a 
second and third iron bar of increasing magnitude over the helix 
made by the first; the whole mass was then welded together at 
single heat to form a solid cylinder of iron. In this way coils 
of great size were easily made, and economy was effected in labour 
and cost of the guns. The forged breech-piece was altogether 
abandoned, and all the metal over the breech of the tube, includin 
the trunnion ring and another coil іп front of the latter was work 
up into one massive portion, which was then known by the name of 
a “jacket.” This practically was a coiled iron gun, soundly welded 
together, without lines of least resistance for fracture, and the steel 
barrel was treated as a mere lining within; the jacket was strong 
enough in itself to prevent explosion by bursting, even in the event of 
failure of the steel tube. 

These three systems of construction, the Armstrong, the Modified, 
and the Fraser, were applied in rapid succession to all guns then under 
manufacture, from the 64-pr. of 64 cwt. to the 9-inch weighing 12 
tons. Guns made on these different systems were afterwards dis- 
tinguished — stamped on the left trunnion, and designated 
respectively ks I, II, and III. The Marks, generally speaking 
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however, must not be taken to imply any system of construction: they 
merely indicate the first and subsequent patterns of any nature of 
ordnance, ammunition, or store. 

The strength of the two latter systems was proved and compared 
by the trial of some heavy R.M.L. guns about the years 1865-6. 
Amongst these experiments two 64-pr. guns were tested to destruction: 
one was known as the В pattern (now called the Mark 11) and the 
other was of Fraser construction (Mark ПТ), but both had inner barrels 
of coiled iron. Two thousand rounds were fired with service charges 
from each gun without failure. Then increased charges were used, and 
the В gun after 2,270 rounds burst into 33 pieces; the Fraser gun failed 
after 2,211, the greater part of the inner tube being driven forward 
out of the gun, but the breech and exterior coils remained perfectly 
sound. In this case it was reported that, if a detachment had been 
standing round at the time no one would have been hurt; for the 
failure was merely a disruption of the barrel, from want of longitudinal 
strength, owing to the tube being made of coiled iron. . 

Shortly after this experiment steel barrels were definitely adopted, 
but this change in itself was not considered sufficient to involve an 
alteration of Mark. The thickness of steel was a point to be deter- 
mined by further experiment, as explained just below. 

With increase of size another change in construction took place, 
which arose partly from the practical difficulty of dealing with very 
great weights, and partly because it was evident that the advantage of 
initial — was not being fully applied. 

The jacket in 25-ton guns had become a ponderous and unwieldy 
mass, and its very thickness suggested a division into two layers. 
The triple coil was accordingly exchanged for two double coils; 
the inner one forming a breech-piece and the outer one a jacket as 
before; but in the restoration of a breech-piece it must be observed 
that, unlike the portion which bore the same name in earlier guns, 
it was now made of coiled iron. 

In 1869 experiments were conducted with two 9-inch guns, which 
included both a test of this new construction and the thickness to 
be given to the steel tube. In the new gun, or Mark IV, the barrel 
was 2 inches thick, reinforced by two double coils; the other had 
8 inches of steel, supported by one triple coil, which represented 
the Fraser construction. The tube in the latter case was split at 
the 1,008th round, but the new gun survived the ordeal. The 
result in both cases, however, was considered quite satisfactory, 
because the steel tube which failed yielded gradually; and the 
strength of the jacket was thoroughly proved by firing 41 rounds 
after the barrel had split, and still the exterior remained perfectly 
sound, 

Both guns, in fact, had behaved so exceedingly well that it was 
difficult to decide which pattern should govern manufacture; eventually 
it was settled to make no alterations in guns of 8-inch calibre (or less), 
but for 9-inch and upwards the thinner steel tubes were adopted with 
two coils of wrought iron over the breech. The jacket was afterwards 
divided into three instead of two parts, by separating off the smaller 
coil in front of the trunnions; this further change was desirable on 


account of increasing length and the difficulty which was experienced. 


in shrinking on to the gun a portion of variable thickness. 

The parts of a heavy R.M.L. gun were then six in number, viz: the 
berrel, breech-piece, B coil in front of the trunnions, B tube over the 
muzzle and chase, the jacket, and а cascable screwed into the breech 
40 support the end of the barrel This for the sake of distinction may 
be called the “ R.G.F. system”; it was retained for very many years, 
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and most of the muzzle-loading guns of 9-inch calibre and upwards 
have been built up in this manner. 

In 1879 the reaction took place which brought about a return to 
breech-loading guns, but this did not at first create any change іп the 
material, or in the construction of ordnance; so we find that some 
breech-loading pieces were built up of wrought iron and steel in a 
similar manner to the latest R.M.L. guns. The length had begun to 
increase, and dimensions must naturally affect the construction ; but a 
great change was at hand, and B.L. guns of new type have now little 
in common with any of the muzzle-loading guns in the service. 

In 1881, after full trial, the manufacture commenced of this new class 
of ordnance in which power has been developed to a remarkable degree. 
Estimated by the energy imparted to & shot, the power of a modern 
breech-loading piece (weight for weight) is nearly double what it was 
in the days o sonde being guns. 

This development of power may be attributed to some or all of the 
following causes, viz :—{1) change in material ; 8 increase of length; 
(8) the adoption of large powder chambers; (4) the use of more 
elongated projectiles; s new system of rifling ; (6) nature of the 
powder and indir of charge; and (7) careful regulation of re- 
sistance in the bore. 

This progress in the power of artillery, though rapid, was brought 
&bout by degrees; the use of more steel was first urged, as being & 
better material than iron, more highly elastic and doubly as strong. 
So we find that the barrels increased both in length and diameter, until 
the lining of steel was changed into a steel. body or core for the gun; 
&nd the coils of wrought iron diminished to a corresponding extent. 

. Steel coils for exterior cylinders were next introduced, made from 
bars of mild steel coiled and welded like iron, Large hollow cylinders 
of steel could be easily formed in this manner with existing machinery, 


but the gain in strength did not prove to be nearly as great as that ' 


obtained with solid forgings of steel, so the latter in turn superseded 
steel coils, 

Experiments were then undertaken to ascertain by practical means 
the exact material best suited for exterior hoops; these have been 
already described,* resulting in a bx for steel, particularly steel 
cast and forged; so it was decided in 1882 to adopt steel altogether, 
according to a design which was brought forward by the eon: 
intendent R.G.F. as a type: the steel to be cast, forged, and mandrilled 
out into hoops, and then shrunk over а barrel of steel, which is cast 
mms om a very thick ingot to the required dimensions and 

ngth. 

Accordingly wrought iron has been quite given up in the manufacture 
of guns, but it must still be employed in the repair of those which bave 
been made to former designs. 

With the use of steel hoops, a new departure was taken in the method 
of building à gun. In the first place it was no longer possible to obtain 
longitudinal strength, as in the case of wrought iron, by welding the 
cylinders end to end ; and secondly, the degree of shrinkage most suit- 
able for steel proved to be very different from that which had been 
formerly given to iron. 

м The question of shrinkage was practically worked out by experiments 
on unserviceable barrels, the amount being increased with different 


hoops from cm , Which was the extreme limit for fibrous wrought 
> 


• See Chapter I, р. 17. 
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iron,” to 2 , Which proved to be too great an extension for steel. As 


a result of the trials it was found that about E^ gave the most satis- 


tory support; and this shows that the permanent extension of a steel 
hoop may be two or three times as great as that which waa given to a 
wrought iron coil. 

The co-efficient of expansion by heat for iron and steel being nearly 

.the same, viz., about “0000075 for each degree Fahrenheit, it follows 
that greater heat is required for the temporary expansion of a steel hoop 
than was formerly required for wrought iron coils; heat is liable to 
affect the quality of the steel, so great care must be exercised in the 
operation of shrinking ; the exact heat will lie between 600% and 700^, 
and this heat may be recognised by the blue colour of the metal which 
is seen on scraping the surface. This temperature is not sufficiently 
high to injure the steel; for in tempering the metal more than double 
that heat was employed : it may have a slight annealing effect, but not 
sufficient to deteriorate the steel; on the contrary, annealing in oil is 
supposed to do good, and this plan is now generally adopted in the 
preparation of each part of a gun. 

Ав regards change in construction, the barrel extended at first from 
muzzle to breech, and the breech screw was made to gear into the 
barrel. The external metal was then shrunk on in hoops till the trans- 
verse strength was complete, but the longitudinal strength of the oe 
depended mainly on the end-strength of the core: shoulders were duly 
arranged to prevent any displacement of the barrol from the trunnion 
ring which holds the piece to its carriage. 

n this mode of construction it is plain that on firing the gun the 
metal in proximity with the face of the screw must be subject to the 
maximum strain, for the longitudinal stress naturally is greatest in the 
region of the screw-threads nearest the end of the bore, and the cir- 
enmferential tension there (if not quite a maximum also) is aggravated 
= torsional stress from the expansion of the middle part of the 

mber. Professor Greenhill has shown that this deformation may be 
exhibited in an exaggerated way by the accompanying figure and that 


а tendency to rupture exists in a transverse plane, represented approxi- 
mately by the points ZZ. A rigorous solution, however, of this ten- 
dency to bulge and the investigation of its effect are beset with t 
analytical difficulties. Curves of pressure must evidently exist, and one 


or two failures at proof seem to indicate that a special provision ought 


* d 
2,000 


was commonly given. 
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to be made to meet the intensity of stress in this part, which is;rather 
complex in character. 

The breech-8crew was accordingly made to gear into a breech-piece 
or second layer of steel to relieve the barrel altogether of stress in the 
direction of length. Тһе form of the breech-piece or jacket was 
adapted to this change in construction; the inner diameter at the 
breech end being contracted by steps corresponding to steps on the 
barrel to avoid any sudden change in the thickness, and the barrel was 
made to end on a level with the face of the screw. The obturator alone 


юм 
ШИ 


The breech-piece іп the heavier guns is а cylinder of steel, made іп 
the same manner as the barrel itself, differing only in length and 
diameter; there are various ways of linking this part of the gun to the 
trunnions, while it may be supported by exterior hoops to complete the 
requisite пева in transversely. Іп the lighter natures of ordnance the 
trunnions are — on the ingot which forms this part of the gun, and 
it is then known by the name of a “ jacket.” . 

Among the latest improvements, however, and amongst those of 
greatest importance, is a plan of uniting all parts of a gun together by 
а system of bayonet joints.* The jacket or breech tube in this case is 
prepared at one end with a row of projections on the inner surface, 
while the body of the gun is prepared in like manner with a cor- 
responding row of projections without; in the operation of shrinking 
(пе. in building up of the gun), the projections on the one part pass 
between those on the other; the outside portion is then turned round 
in position until they engage one another. All the intervals аге 
afterwards filled up by wedges driven in very tightly; one wedge 
would be sufficient to key up the parts, but by placing them in every 
space and by giving them а uniform taper of 1 in 100, continuity of 
metal is preserved to meet any stress at that part in a circumferential 
direction. By this plan end-strength is greatly increased, and all 
the metal of the gun is made to contribute towards stress in any 
direction. 

Another method of construction which is now under trial is the 
application of steel wire for farther increasing the tangential strength, 
and thus reducing the thickness of metal. 


• Introduced by Col. Maitland, В.А. 
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This principle was advocated many years ago by Mr. Longridge, C.E. ; 
but as it was capable of increasing only the ring-strength of a wall, it 
could not formerly be applied to the service method of manufacturin, 

ns. Now, however, with the arrangement for longitudinal stren 
just described, it seems as if wire could be advantageously used in lieu 
of some portion of the external hoops. 

Steel wire can be made of a tenacity equivalent to 100 tons per 
square inch ; but after reasonable reduction for interstices in windin 
and possible imperfections in the wire, its strength in comparison wit 
а solid steel hoop must not be estimated higher than 80; even at that 
measure of tenacity it is the strongest material that has yet been used 
in the manufacture of guns.* 

The chief arguments against the use of steel wire are that it possesses 
absolutely no longitudinal strength ; and that it is liable to injury if 
ex on the outside of a gun. 

arious plans have been tried for giving end-strength to guns of 
© wire-construction," such аз an external jacket, wrought iron bars in a 
Írame, or wire itself clamped in longitudinal layers ; But none of these 
lans have yet proved quite satisfactory. With a solid breech-piece, 
owever, supplying all the longitudinal strength, this difficulty is now 
overcome, and exterior hoops may be — to a certain extent by 
coiled wire. Still a jacket or sheath of some sort would be necessary 
to protect the wire from splinters of shell, and to preserve it from 
injury in transport: a jacket sufficiently thick for this purpose would 
constitute a heavy part of the gun without affording much additional 
strength, but the superior tenacity of wire might outbalance a certain 
amount of dead-weight. 

The chief difficulty in wire construction lies in devising a method of 
introducing enough relative amount of wire to make a satisfactory 
reduction of weight. This difficulty has been met in the Royal Gun 
Factory by a plan which may shortly bring wire into practical use. 
This consists in employing a barrel of the full length of the gun for 
the breech-screw again to gear into this tube, but the thickness of 
metal surrounding the screw is greater than the thickness elsewhere 
to avoid failure in this part of the gun. The metal is then cut down 
over the chamber in steps to form a hollow portion extending almost 
from the screw to the middle of the gun; over this part the wire is 
coiled. Compression can be brought to bear in this manner with 
greatest intensity over the seat of the charge, where circumferential 
strength is most needed. A ring for — the ends of the wire must 
be specially prepared and fixed at one end of the coil: this contributes 
little to strength, but а wire-fastener is of course indispensable, and 
compensation can be easily made at this point by strength in another 
piece of the gun. 

The mode of fastening adopted is by means of a plug screwed tightly 
down on the end of the wire, which is bent cold to fit into a recess 
under the screw. In the same way the other end of the wire is secured 
after Dank а clamp to prevent the tension from getting relaxed, but 
it is advisable to heat ап inch or two at this end with а blow-pipe before 
bending it round, to avoid the chance of failure by breaking. И 
broken, the whole length would have to be taken off and a new piece 
coiled on instead, the first length being too much shortened by snapping. 
The heads of the screws are not filed off until the whole operation of 
coiling Баз been successfully finished. 


* Great difficulty was at first experienced in obtaining wire of this quality in the 
trade ; short pieces might generally pass the requisite tests, but when tried over the 
whole length of the hank, they as generally failod. 
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When the hollow part of the A tube has been completely filled up 


` with wire, and all interstices plugged carefully with pieces of packing, 


а trunnion ring is shrunk on from the muzzle, which is locked and 
keyed in position; then a jacket is shrunk on from the breech and 
rigidly connected with the trunnion ring by another locking joint, a 
good shoulder being provided within at the breech to take the longi- 
tudinal thrust. In this way the wire is brought close to its work and 
able to exercise great initial compression; its full strength is applied 
in а circumferential direction, while end-strength is provided by the 
system of locking the portions together, and by the thickness and mass 
of the jacket. 

The advantages claimed for the use of wire may be stated as 
follows :— 


(1) That the circumferential strength in a given thickness of wire 
is greater than that of any solid metal; and this advantage 
can be increased in proportion to the amount of wire intro- 
duced into the gun. 

2) That the weight of а piece may consequently be much reduced. 

9) That the initial compression given to the barrel will be uniform, 
and guaranteed in amount; that it is also greater than the 
compression which shrinkage by heat can effect. 

(4) That the tension of the wire may be varied: it can be relaxed 
at the muzzle, and regulated in successive layers at the 
breech. 

(5) That being mechanically applied, want of skill in the workman 
will not affect the tension of the wire or quality of the work. 

(6) That serious flaws cannot exist as a hidden danger in the wire 
part of a gun; and that even rupture of a strand would not 
materially affect the whole strength. 


Some of these are very powerful arguments in favour of wire, 
especially the reduction of weight, definite tension, and freedom from 
flaws; but there are plainly difficulties in the way of adopting à new 
system of gun manufacture. New — would be required, and 
manufacturing details must be fully worked out by means of ex- 
periments on a most liberal scale. Тһе жө қор is engaging attention, 
and shortly we may see powerful guns in the service in which wire 
enters more or less in their construction. On the other hand we 
appear to have reached в sort of limit in the reduction of —* for 
the difficulty of controlling recoil (even with hydraulic machinery) 
which is becoming almost too complicated for conditions of war has 
been the cause of a suggestion to add weight to the gun or the carriage. 
If additional weight is allowed, it may as well be placed in the gun to 
provide a higher factor of safety, and the chief object for adoption of 
wire is removed. | 

А few points may be mentioned in regard to the use of steel wire. 
Each layer should be wound on the gun with a definite and calculated 
tension. The amount of tension would depend on such circumstances 
as these, viz.:—the position along the gun, distance from the bore, 
elastic limit of the wire, and the internal pressure which would have 
to be resisted. Nor should it be overlooked that the tension of putting 
on is not the strain under which it would exist when the gun is com- 
pleted; for the primary tension of the inner layers will be relaxed, and 
may even be converted into compression, by superimposing the ex- 
ternal wire. 

In а finished gun there should be one layer of metal in а neutral 
condition, so that the sum of the tensions exterior to this should be 
equal to the sum of the compressions within. When fircd, the internal 
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геззиге should exercise a definite force, so that all compression should 
b changed into tension, and all the tensions should be increased. Оп 
the point of rupture, every layer should be strained to its full limit of 
strength. Тһеп the product of the bursting pressure into the radius 
of the bore would be equal to the thickness of the whole wall of metal 
into the ultimate tenacity of the material employed. 
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PART I. 


CHAPTER IIL. 
ON RIFLING. 


Object of rifling.—Rotation of projectiles.—Goneral character of rifling in M.L. 
and B.L. guns.—Centring of the shot.—Driving side of a groove.—Twist of the 
rifling.—Uniform twist.—Formula connecting the angle of rifling with twist 
expressed in calibres.—Actual turn of tho groove in а gun.—Advantages and 
objections to uniform twist.—Increasing twist.—Parabolic curves.—Method of 
ascertaining the curve, and of calculating the tangent and twist at any point in 
the groove.—Actual turn of the groove in the gun.—Increasing twist commencing 
with a small angle of rifling.—Semi-cubical parabola.—Table of formule for any 
description of parabolic curve.— Combination of increasing and uniform twist.— 
Velocity of rotation.—Revolutions per seoond.—Twist required for stability in 
the shot.—Pressure in the grooves.—Forms of groove in service artillery.—De- 
scription of the Shunt, Plain, Woolwich, and other grooves in M.L. guns.—Stop 
for projectiles in the bore.—Description of the Armstrong, М.М. and М.В. 
systems of rifling. 


‘ 


GREAT increase of power was given to artillery fire by the adoption 
of elongated projectiles, instead of the spherical shot and shell formerly 
used ; but then for range and precision of fire it became necessary to 
devise some means for keeping an elongated projectile point foremost 
in the air. Such a position can only be maintained in cylindrical bodies 
by rotation about their longer axis; and the velocity of rotation 
must be sufficiently great to counteract the forces in gravity 
and resistance of the atmosphere which tend to establish motion in a 
contrary direction, and which would soon cause the projectile to turn 
over and fall to the ground. 

This rotation is imparted to the shot by means of the rifling or 
grooves cut spirally in the bore, which exert a pressure against studs 
or projections arranged on the body of the shot. The lateral thrust, 
when properly distributed over the surface of the projectile, compels it 
to turn round on its axis while onward motion is being im to 
it by pressure of gas in the bore. On leaving the muzzle, therefore, 
two kinds of velocity will have been “Алма. on the shot : а velocity 
of translation through the air, and a velocity of rotation about its 
longer axis of figure. 

Many systems of rifling have been invented and tried, but & few 
only have been adopted for service. In each case the form of groove 
must be adapted to the provision made on the shot, or vice versá, for 
these conditions are complementary one to the other, and must never 
be infringed; it may also be noticed that a broad distinction exists 
between the nature of rifling to be found in muzzle and breech-loading 
ordnance. 

In the muzzle-loading guns of our service there are two distinct 
arrangements applied to the projectiles to compel them to follow the 
grooves, viz.: (1) by means of large studs on the body, or (2) by 
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projections on, or the expansion into the grooves of а “ gas-check” 
attached toits base. Тһе projectile must be able to pass freely down 
the bore of the gun when loading, and there must be clearance or 
windage in the grooves as well as over the body of the shot. This 
windage affords an opportunity for the powder gas to rush past the 
projectile before it has been well set in motion, and in doing so it 
scores the metal, and destroys the rifling and bore of the gun. With 
the use of gas-checks this evil is partly avoided; but whether the 
rifling is intended for gas-checks or studs there are points of similarity 
in muzzle-loading systems, such as the existence of a “ loading 
side” in the groove, and some method of centering the shot. 

With studs it is desirable to limit the number of rows, which must 
unavoidably weaken the shell but three at least are essential for 
. properly centering the shot. A small number of grooves necessitates 
depth and width in their dimensions, depth for bearing surface to give 
the rotation, and width for thickness of stud to prevent its being 
shorn off. The more numerous the grooves the more shallow may the 
rifling be made ; and this point affects the strength of the gun, for deep 
grooves in а barrel form lines of least resistance to an internal pressure 
which might lead to cracks in the metal. 

In breech-loading guns we have aleo two distinct methods applied 
to the projectiles for obtaining rotation, but only one general 
character of groove. With the — or ©“ ВВ." ns which 
were made about twenty-five years ago, the shell are supplied with а 
thick coating of lead, and the first movement of the shot in the bore 
cuts grooves in the lead corresponding with the lands of the rifling. 
The difficulty of attachment of the lead coating was great, and it used 
also to “strip” in the gun instead of following the twist of the 
groove, which destroyed the rotation and consequently led to bad 
shooting: the tendency to strip was, however, reduced by lapping out 
the bore towards the muzzle. The grooves had to be deep on account 
of the softness of lead; and the twist was necessarily uniform that 
the projectile might follow the grooves. In B.L. guns of new type & 
copper band has been substituted for the coating of lead. Bands of 
different material and shape have been tried, but their duty is in all 
cases the same; the soft metal is forced into the rifling by the first 
pressure of gas, and then taking tho form of the grooves the driving 
sides of the latter exert a pressure all round and give rotation to the 
shot. There is obviously no loading edge, so the other side is sloped 
off into the bore. 

Steadiness of flight will depend to a great extent both on the 
absence of windage, and on a true centering of the shot in the bore. 
With B.L. guns there is no difficulty on either of these points, for the 
soft metal band and the form of the groove tend to bring the shot to a 
маргаж in the bore, while all windage is theoretically closed ; 
but with M.L. pieces, a variety of plans have been tried to make the 
axis of the shot coincide with the axis of bore: these methods can best 
be explained in connection with the grooves which will be described at 
the end of this chapter. 

It is nonoy to understand clearly which is the “ driving” side in 
a groove. With a right-handed twist (and the twist is always right- 
handed in British artillery) the left side at the top of the bore and the 
nes side at the bottom, when standing behind the gun, will be the 
side in contact with a stud when the shot is fired out of the gun: or 
Standing at the muzzle, where the rifling can best be inspected, the 

itions are reversed, and on the lower surface of the bore the left 
is the driving side of the ve. 

n is point can be better explained by considering the two 
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radii OA and OB in the figure, which form the two sides of a groove: 
then looking towards the muzzle from the breech of the gun the radius 


OA in any position will represent the driving side of the groove. 
Changing the point of екы from the breech to the muzzle, the 
driving side will be shown by О 

Deferring for the present any description of the shape of a groove, 
we wil proceed to investigate first the twist that should be given to 
the rifling. 

Twist may either be uniform in character throughout the whole 
length of the groove, or it may vary by an increase of pitch: both 
uniform and increasing twist may also be combined.* Uniform twist 
is the most simple кіші, and therefore best, suited for investigation in 
the first instance. 


Uniform Twist. 


Twist may be expressed in two ways: either by the angle or pitch 
of the rifling, or by the rectilinear distance in which the spiral would 
make one complete turn; the latter is the more usual method, and 
the anit of measurement then commonly taken is the calibre itself of 
the gun. 

These two expressions for twist may be connected by a very simple 
formula, so that if either is given the other may be soon чан» 
This сап be shown by the nid of a figure, as given next 

Let a straight line AB be equivalent to n calibres in ength, that is, 
the distance (measured parallel to the axis of the piece) in which the 
spiral would make one complete turn. 


* A decreasing twist has been suggested, but the suggestion does not appear to 
have been fully боны out. 


cem. 
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A М В 


Draw ВС perpendicular to АВ, of a length equal to the perimeter ОНАР. ІП. 
of the bore; join AC. Then САВ is the angle of rifling, say 0, and — 


BO т 
tano = AB аа ЕЭ 


For example, take the 64-pr. R.M.L. gut, the rifling of which has а Example. 
uniform twist of 1 turn in 40 calibres :— 


Тһе actual amount of tarn which a groove makes within the bore of Actual ќат. о 
а gun may now be easily calculated, for if AM or / inches be taken to 
represent the length of the rifled part of the bore, MK will be the 
actual amount of turn at the muzzle: and 


MK: AM: : BO: AB 
therefore MK = ¿tan 6. 


\ 
То ascertain the proportion which MK bears to a whole torn or 
circle of the bore, the length AB must be converted into inches, say /'; 
then the ratio may be written— 


MK | AM І 
BO ABT 


or MK = (+) of the bore. 
С 


Uniform twist possesses the advantage of simplicity; the bearing Advantages, 
parts on the projectile may also be distributed over the whole body ёс. in uni- 
of the shot, and the projectile leaves the muzzle with steadiness of form twist. 
flight. On the other hand, the sharp pitch of the rifling impedes the 
first movement of the shot, so that the powder gas may attain very 
high density and put a severe strain on the gun. То avoid this disad- 
vantage and risk, the fixed angle of rifling has now been exchanged 
for a groove with an increasing twist, which attains the requisite pitch 
more or lesa gradually. 


* As an illustration of а groove in а gun, one may take а large sheet of paper 
and draw a straight line from one corner at ап angle 0 with the longer side; then 
bending the sheet into cylindrical form, the line so drawn will be seen within to 
represent а helix or groove. This also shows how the spiral becomes a straight line 
when laid out upon а plane surface. 4 

. х 
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Increasing Twist. 

With an increasing twist there is an imperceptible change from little 
or no twist at all at the commencement of rifling up to a maximum 
pitch at the muzzle, or at some other point in the bore if the 
projectiles are adapted to this form of rifling. It will be convenient at 
first to consider the maximum twist at the muzzle. 

When the ves start almost parallel to the axis of the bore there 
is very little hindrance to the first motion of a shot, at a time when 
its own inertia and friction in the bore might be the cause of setting 
up heavy pressure of gas; but there is greater friction afterwards in 
the grooves because the driving sides continue to exert pressure ch 
the studs as long as the pitch of the rifling increases. With uniform 
twist there is a tendency to shear the soft metal and for the studs to 
over-ride” in the grooves, from the fact of this pressure being 
suddenly exerted at first with very great force, but afterwards the 
shot travels more freely because friction then only depends upon 
increments to the onward velocity. The gun is put to a t strain 
at the breech in one case, while in the other the stress is diffused and 
much heat is developed by friction with increasing twist; it should also 
be said that the projectile is relieved of a very heavy pressure on its 
base which tends to crush up the shell. The velocity of rotation is 
not affected by this question of twist, because that will depend with a 
given muzzle velocity in the shot on the final twist at the muzzle. 
Uniform twist is more favourable to steadiness of flight, but this can 
be secured with the advantages of increasing twist by a combination 
of the two, a plan which is generally adopted in all modern pieces of 
ordnance. 

For increasing twist, the development of a ve on а plane 
surface would result in a curve, instead of a straight line as shown to 
be the case for uniform twist. The curve chosen in our service (with 
the exception of the 80-ton guns) is the conic parabola 23--ру, because 
this curve has the property (so to speak) of increasing uniformly ; 
that is to say, the increase of pitch, or rather the increase in the value 


of the tangent 4 between any consecutive points is a constant. 


When first applied to а system of rifling, the vertex of the curve 
was taken for the commencement of the groove, then the twist at the 
muzzle being fixed, and the length of the rifled part of the bore being 
known, the data were sufficient to draw out the curve. 


| The points to be determined from the foregoing conditions are 
these ;— 


з © 
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First to find the value of p. 
By differentiating the general equation 23 = py we may obtain ап The constent. 
expression for.the tangent at any point on the curve: thus— 


Фу. 20 _ 32» 2py _ Зу 
а p р p Ф 

At the muzzle we have from the data 
® = tana = =; аа =l 

Therefore у-ті. 


Жі е-ажазта ж мн (a) 
Secondly, to find the value of у, or ordinate at any point; this is The ordinate. 
practically required in making the copying bar for a rifling machine: | 


22: ` ° ° t ° t ° ©) 


where b is the abscisaa or distance from the beginning of the rifling of The tangent. 
any given point in the bore, measured parallel to the axis of the piece. 
irdly, to find the angle of rifling :— 


а 2 orb 
tan 90 = ws "Y = “ ...... .... (о) 
and lastly, to express the twist in calibres :— The twist in 
А calibres. 
tan 0 = Ж 
й т nl 
Therefore Мет? | 6 «ч...» QU) 


A defect is very commonly spoken of as lying (say) “ half-way” 
down the bore. e unit of length is thus changed from an inch to the 
whole length of the rifled part of the gun, and the point previously 
denoted by the abscissa b is now indicated by some fractional part of 


that length. Let us call this fraction (>) It will now be seen by 
% 


n 
the formula given for twist in calibres, that N = 1 at a point described 
in this manner; hence N = zn. 5 
This simple expression supplies a ready method of pag leg the Twist at any 
twist at any fractional distance throughout the whole length of the pues the 
bore; thus when— 


СНАР, ПТ, 


— 


Turn of tho 
groove. 


Li. 

“ 
Grobdve com- 
mencing with 
a twist. 
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b = py th of N = 10 n. 
b= % ths pN = 59, 
b = $ ths „М = 2n, &c. 


With increasing twist of this kind the actual turn of the groove in 
the gun is j ЈЕ the amount due to a uniform twist having the 
same angle of twist at the muzzle, This can be shown in the following 
way :— 

Take the portion OK on the curve in the foregoing figure to 
represent a groove in the gun, and let OM be the length of the rifled 
part of the bore. Draw the tangent KT and a line OL through the 
origin parallel to KT. OL will represent а groove for the same gun 
with uniform twist, and the angle of rifling at the muzzle is evidently 
the same in each case. 

Ву the property of а parabola OT = TM, and therefore MK = KL; 
so the actual turn of the groove with increasing twist is just half as 
much as it would have been with & uniform twist having the same 
pitch at the muzzle. 

This may be proved also from the general equations to the curve and 
the straight line. For we have seen that 


т dy _ 21 
tan a or — — Р at the muzzle, 


so the equation to the straight line OL, which is parallel to KT, may 
be written 


Now comparing the values of y and y, at the muzzle when 2; and т 
were both equal to /, 


It is not necessary, however, that the commencement of the groove 
should correspond with the vertex of the curve; in most hea 
a small part of the curve is discarded, and another portion is taken, so 
that a slight twist may be given to the rifling from the very beginning. 
The twist at the muzzle can be regulated to have any particular value 
by changing the constant in the equation; the development of twist 
thus becomes still more gradual, and the rifling better suited to 
projectiles of very great weight. 

The investigation in this case may be made as before after first 
ascertaining the length of the abscissa which is required to complete the 
curve to the vertex. The value of this may be found in the following 
manner — 

Let / be the length of the rifled part of the bore, and let the twist 
increase from 1 turn in m calibres at the breech to 1 turn in n at the 
muzzle, 

Take HK in the figure here given as the portion representing the 
ge. ын E (a, У), (2. у) be respectively the co-ordinates of 

and K. | 


ОВ = z, ВМ = 1 and ОМ ora, = Х + 1 
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At the muzzle tan а=р=?% 


and at the breech tan В = —= 2 u. 


т e 
Hence у = a 
and уз = ж G+ ) 


Now the ordinates to а conic parabola vary with the second power оѓ 
the abecisse; consequently 

y уз: : mt : (a + UP 
and we have shown that 


7 „ а tl 
ы: 2 * ыле 
therefore та) = n (25 + D 
ы n= mn 


and this is the quantity, which we will call а, that is required to 
complete the curve to the vertex. The value of p and the ordinate 
and Мше) at any point can then be determined in the manner already 
explain 
re is one exception in the service to the use of the conic para- aene e R 
bola for an increasing twist, and that is in the 80-ton R.M.L. gun: for Parabo 
this а semi-cubical parabola has been adopted which is represented by . 
the equation zt = py, because this form of curve has the property of 
developing the twist still more gradually. It is specially suitable for a 
-heavy projectile which is fitted with a rotating gas-check: compared 
with uniform twist the pressure in the grooves is still further relieved 
at the breech, and compared with the ordinary increasing twist the 
risk of shearing at the muzzle is reduced when the gas-check is 
insufficiently supported by the pressure of gas on the base of shot. 
Taking the most general form of equation, 24 = ру, а table may Le Most 
compiled which will give the value of a; у, tan 0, and N for all possible equation. 
conditions of rifling with these parabolic curves. (See next page.) 
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Combination of Increasing and Uniform Twist. 


In modern guns, both M.L. and B.L., the advantages derivable from 
each nature of twist are secured by a combination of the two; this 
combination, however, can best be applied to very long guns, so B.L. 
guns of new type are capable of exhibiting this kind of rifling with the 
greatest success. The twist may commence at the breech from zero 
or with a definite pitch (the latter is now always preferred) and at 
some point in the bore, when the inertia of the projectile has been 
overcome and the increments of velocity are small, the curve is 
exchanged for a straight line representing uniform twist. With muzzle- 
loading this portion of uniform twist was necessarily short, and 
the combination will not be found where the rifling was made for 
studded projectiles ; but with rotating gas-checks it is found necessary 
to relieve the shell of lateral pressure as soon as the powder gas ceases 
to give sufficient support for attachment. In B.L. guns of new type, 
where length of bore and the rotating band both favour this com- 
bination of twist, the change is made about midway in the rifling; 
it is then found to promote high muzzle velocity with steadiness 
а flight, and good shooting results from the stability of projectiles in 

e alr. 


Velocity of Rotation. 


The spin of a projectile will depend upon its muzzle velocity and the 
final twist of the rifling. With these two data we can soon ascertain 
the speed of rotation, or the number of revolutions per second. 

Let V be the velocity of the shot and n the twist at the muzzle. 
Then in a given time (¢) the rectilinear and angular velocities will 
evidently describe distances equal to Vi and wt respectively. By the 
twist of the rifling it follows that when Vt = nd, wt = 27. Eliminate t 
between these equations and w == У, where м is the angular 
velocity. 

Now to obtain revolutions per second, we must divide this expres- 
sion for angular ag by the measurement of one revolution, that 
is, by 27, and we find that the number of revolutions per second 
is © 

To avoid the use of angular velocity (if that term should suggest 
any difficulty) linear measurement of the rotatory motion may be ba 
by supposing the shot to be pes Morin: translation through the 
air. Then in the time occupied by this point in making one revolution 
d, the shot (if it had onward velocity) would have moved through a 
rectilinear distance nd. Hence if the linear amount of rotation be repre- 
sented by a symbol ^, v =" ог x= =V. To reduce this expression 
to revolutions per second as before, we must divide by the perimeter of 
the circle this time, zd, and then we obtain the same formula as that 
given already, viz. ;— 


Revolutions per second = 5 


R 
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Twist required for Stability. 

The question will naturally arise, what ought to be the velocity of 
rotation, or actual twist of the rifling ? 

This subject has been discussed by Professor Greenhill in an article 
which was published in the Proceedings of the Royal Artillery Institu- 
tion in 1879. His investigation is rather abstruse, but stated briefly it 
may be summed up as follows :— 

Supposing the projectile to be of the form of a prolate spheroid, 
moving in frictionless air and under no forces, At the muzzle 


У. 
tan а = = = ү ' and therefore » БАБ Now taking into the conside- 


ration the specific gravity of the shot, and the ratio of its weight to that 
of the air which is displaced; also the axis of figure and radius of 
gyration, &c., Professor Greenhill eliminates velocity altogether from 
this expression for n, and arrives at the conclusion that n must be equal 


ы 
where k, and К, аге the equatorial and 
— — 


polar radii of gyration; а is the semi-diameter at the centre of gravity ; 


_— mke 02 
to | 


£ the ratio of weights in the projectile and volume of air displaced ; 


and а and y are constants depending on the shape of the body. 

This shows that n should have the same value for similar projectiles, 
if made of the same material, whatever the calibre of the gun. 

In the application of this to hollow shell, whether empty or filled, 
(ће internal dimensions must of course be approximately known, and also 
the specific gravity of the contents of the shell. Assuming that the 
cavity is similar in form to the external figure and of two-thirds the 
linear dimensions, it is found when the length of the projectile is three 
times the diameter that 


п = 98:449 for empty shell, 
and n = 89°06 for shell filled. 


Here the difference is small, but with filled shell the stability is slightly 
increased. 

A much greater difference will be found if more elongated projectiles 
are used without change of calibre, such as double shell which may be 
considered to be four бшм in length. The value of n by the ваше 
wethod of calculation then becomes 27°6 and 28, . 

It would thus appear that twist cannot strictly speaking be suitable 
for different projectiles which vary materially in character or size. The 
rotation which is sufficient for a short Palliser shot would be too little 


* There is а slight obscurity in this —— for ж, because the value would 
appear to depend on the diameter of the shot. Professor Greenhill, however, has 
explained that if we suppose tho projectile to remain of the same general shape, 


but compare projectiles of different sizes, then 2 (а--у), remains the same, but the 
4 
calibre d = 2а may vary. Nevertheless, тоу will remain constant, for 4, 


4 
varies as af, and Kj? as ай; во that hs will remain constant although a (and 
consequently k, and &,) may vary. 
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for а long double shell, and without stability or steadiness in flight ОНАР. ІН. 
the drift is uncertain and the shooting very irregular. On the other me + 
hand, excessive rotation throws additional work оп the gun, with а risk 
also of shearing the studs or projections supplied to the shot. 

The twist at the muzzle expressed in calibres will be found, as а 
rule, in the guns of our service, to lie between 40 and 25; 30 is now 
generally adopted for projectiles of modern proportions; the exact 
value, however, has been mainly determined by practice, for if the | 
firing trials of апу new nature of gun show t the shell are Í 
unsteady in flight, the twist is increased until the shooting becomes 
satisfactory. 
Í 
Pressure in the Grooves. : 


The pressure exerted by the driving side of the groove ош the studs Pressure in 
or projections of a rotating band, is evidently some function of the the grooves. 
on velocity in the bore. With uniform twist а thrust is given 
by the grooves to the studs on first contact which imparts а rotation 
to the shot, and any increment to the velocity of rotation must be 
due to an increase in the onward velocity; so the pressure in the 

ves bears а constant relation to the pressure on the base of 

e shot. With an increasing twist, the pressure will continue to / 
increase with the twist, as well as with the increments of velocity in / 
the bore. TA 

A table was compiled by Colonel Maitland, R.A., some years ago to Maitland’s б 
show the pressures іп the grooves of а 12:5-inch R.M.L. gun under table. I 
different systems of rifling. It will be seen from this table, which is 
given on page 60, that with uniform twist the pressure is irregular and 
very heavy indeed just after the shot has begun to move in the bore. 

To relieve this strain at the commencement an increasing twist was 
adopted, the curve chosen being a conic рагађоја. Much greater 
— іп this сазе was observed; іһе maximum stress was 
reduced ; and the table of pressures was changed from a decreasing to 
&n increasing series, which showed that the pressure in the grooves 
then increased proportionately with the increase of twist. The sudden 
falling off of pressure at the muzzle is due to a change in the rifling, 
which there proceeds uniformly for reasons already explained. š 

An inspection of the last column will show the reason for adopting 
8 semi-cubical parabola for the rifling of the 80-ton gun. The first | 
part of the curve from the vertex is there set aside, and the portion 
selected begins with a twist of 1 turn in 200 cals. The maximum 

ressure is here further reduced, and there is some approach to uni- 
ormity of strain. In all three cases the twist at the muzzle із the 
same. The figures were derived from several formules worked oat by 
Captain Noble, of Elswick; but Lieutenant Younghusband, R.N., has 
supplied a general formula which is applicable to any curves of 
parabolic equation,* viz. :— 

Where 

Фу. 
— p? (G tan 0 + dz? M ИД + и? 
77 P (1 + tan 9)--д tan Ө (r'—p*) 


- 


< 


* This formula and Col. Maitland’s table of pressures were published in the 9th 
edition of Encyclopedia Britannica, under the of “ Gun-making." 
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Where 


R = the rotation pressure between groove and stud. 
G = gas pressure on the base of the shot. 


М = muss of the shot, or 3 


co-efficient of friction. 

angle of rifling at any point. 
semi-diameter of the shot. 
radius of gyration. 

velocity of the shot. 


n 


T 
Р 


TABLE У. 


TABLE showing Pressures of Grooves on Studs іп а 98-іоп R.M.L. Gun 
with various Curves of Rifling. 

(Charge, 180 Ib. cubical powder of 1:25-inch edge. 

Projectile, 800 16. Calibre, 12:5 inches. 


Travel of abot through 
bore. 


OMIT emote 
5 сессоесссосесетл»-е' 


10 


13 íi 

Ë x š 210% 

з | $ 3 š 

1 | 3 à j gi 

- P 

весв, f.s. tons. tons. 
“00000 0 5 `0 81% 
"00143 140 18:1 88 `1 1:65 22:6 
*00273 474 8320-3 2770 186:6 15:6 59:8 
"00360 2060:6 16:8 81:7 26:8 61:3 
"00490 1394 '1 11:4 55:3 42.1 65:1 
"00598 1095:0 8:9 43 4 531 66:3 
“00695 908:8 7:4 86-0 61:95 68:3 
“00785 748 4 6:1 29.6 68:7 85:0 
“00871 668:8 5:4 26.5 7570 64'7 
‘00953 592 '8 4:8 28:5 80:8 68 9 
"01039 4994 41 19:8 83:8 61:0 
*01109 421°9 8:6 16:7 86:3 58:95 
*01184 855 '6 2:9 141 88:23 56:6 
*01258 265°1 2:2 10:6 88:1 58:95 
01331 188:7 1.5 7:5 87 z 48-8 
: š А : 88" 45:2 
01404 1831-6 1:1 | 53 { өз) { 83) 
"01476 | 120:9 1:0 4:8 4.8 4:8 


9 Estimated. 
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ОНАР. ПІ. 
Forma of Groove. — 


It remains now to describe the various forms of groove which may Forms of 
be met with in service artillery.* groove, 
In muzzle-loading ordnance „> | are six distinct forms, viz. :— M.L. guns. 
1) The Shunt; Eles 5575 n 
2 » Plain; у Ме р ine gk . 
8) » Woolwich ; 
4) ,, French; 
(е » French Modified; and 
» М.М., or Maitland-muzzle-loading groove. 


In breech-loading guns there are three, viz. :— B.L. guns. 


(1) The TT 
(2) , Е.0.0. Polygroove; and 
(8) , M.B., or Maitland-breech-loading groove. 


The “ Shunt” groove was adopted on the first introduction of R.M.L. Shunt groove. ( 
он it is а groove which varies both іп depth and їп width, the 4 
г portion being on the loading side to enable the stud to pass 
easily down the groove when the projectile is being rammed home ” 
from the muzzle. 


ІС 
1 


t ғ if 


r 
а | -—— E ысымы 


THA SHUNT GROOVE (muzzle view). 


* Many other forms have been invented and tried—far too many to be enumerated L; 
here; the most interesting, however, may be seen in experimental pieces of ordnance, L 
which have been tried but are now set aside. 
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Plain groove, 


Woolwich 


groove, * 
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SECTION ОМ -...- ВС. 
FULL 226 
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At а distance of about 3 feet down the bore, the groove contracts 
to half the width it possessed at the muzzle, and the inclined — of 
the loading side there shunts the stud over to the driving side of the 
groove. At the extremity there is a second contraction in one 
of the grooves which brings all the studs into actual contact with 
the driving sides, and removes the risk of their being shorn off 
by impinging against the sharp edge. Ав the shot is driven out 
towards the muzzle, the stud follows the driving edge and meets with 
another kind of contraction in the shape of an inclined plane, which 
leads up to а more shallow part of the groove; by this arrangement 
the projectile is slightly gripped on three sides at once and centred in 
the bore before leaving the muzzle. The shunt system, however, was 
soon given up, being too complicated, and liable to cause damage to the 
gun and loss of velocity in the shot. It will be found only in 64-pr. 
guns, and in them it is being gradually changed for в simple plain 
groove whenever the — offers. 

The Plain groove is practically the deep portion of the shunt, being 
intended for the same ammunition; the bottom of the groove is 


THE PLAIN ОКООТЕ. 


concentric with the bore, and the sides are formed by straight lines at 
the same outward inclination from the bottom of the groove. 

The Woolwich” groove differs chiefly from the plain in being 
rounded off on both sides to avoid sharp angles and prevent any 
tendency in steel to split along the edge of the groove; the bottom 


five etus `` r ése Í \ 


` "AU, й 


THE WOOLWICH СВООҮЕ, 
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also is struck with а short radius to make it eccentric with the bore, ап CHAP. ПІ. 
alteration which is intended to facilitate loading and to centre the — 
poros when fired. This kind of groove will be found in all the 

vier natures of R.M.L. guns, but the dimensions will differ, increas- 
ing with е size of the gun, as will be seen in the Table which is given 
on 12. 


he “ French” groove is very similar to the Plain, but the driving edge 


has a more gradual inclination than the opposite side, with the object of groove. 7” —— 


onabling the stud to ride ар this incline and adjust itself to а centering v 44 n 
potoa The sectional form of this groove will be explained by the drug 
gure below; the driving side forms an angle of 70° with a normal to EET 
the surface of the bore, and the loading side is at right angles to the Lodo У 
line thus obtained. The bottom of the groove is concentric with the (ас 

Ђоге. This will be found only in 7-рг. guns. 


/ 
THE FRENCH GROOVE (muzzle пет). K iz 


The “ French Modified ” groove is the same as the French as regards French modi- 
the inclination of the sides, but the bottom of the groove is eccentric, fied groove. ` 
and the sharp angles are rounded away to prevent the barrel from ` ` 
splitting along the edge of the groove. This form of rifling was applied ^^ ~ 
to the 9 and 16-pr. guns. 

The M.M. or Maitland-mubzle-loading rifling consists of a large М.М. groove. ¢ 
number of very shallow grooves; the bottom of each groove is-p - 
concentric with the bore, and the sides terminate in quadrants of a ‘ч’ 
circle. This curve was selected with the object of exerting the /... 
greatest driving power on the projectile with the least disposition to 
shear the soft metal. It was adopted for rotating gas-checks, and 
applied first of all to the howitzers. The width varies from '5 to '7 of 
an inch; in the 18-pr. gun the lands have the same breadth as the 
grooves, but this equality is not always preserved. (See figure on the 
next page.) | 


Stop for the Projectile. 
To regulate the density of the charge and to make sure of ramming Stop. 


“the projectile home to the same spot on every occasion, especially when 
the chamber has a larger diameter than the bore, it is necessary to 


“ 
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THE М.М. GROOVE. 


provide some means of stopping the shot in its proper position in the 
gun. Two or three modes are employed :— 

(1) By making use of the termination of the grooves, in conjunction 
with the projections on а gas-check, as in howitzers, and the 80 and 
100-ton guns. 


WW _ & 


68-іксн B.M.L. HOWITZER, 18 CWT. 


(2) By leaving a “ choke” or contraction in the bore just in front of 
the chamber. is plan is suitable for projectiles which have gas- 
checks without any projections; it was ado ted for the 18-рг. R.M.L. 
gun, but it cannot be applied to ordnance already made and bored out 
to calibre. 


2.3545 DIAR __ 


18-PR. R.M.L. GUN ОР 8 OWT. 
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(8 By stiffening the cartridge so that it should always retain its ,CHAP. Ш. 
fall length, even under the pressure of ramming, and in a chamber of — 
larger diameter than itself. For the 12:5-inch R.M.L. gun, Mark II, 

which has neither а choke nor а stop in the rifling, sticks were 

formerly placed in the centre of each portion of the * ; but the 

adoption of prismatic powder has rendered the use of these sticks 
unnecessary, for the cartridges are sufficiently stiff in themselves. 


Grooves for B.L. Ordnance. 


For breech-loading there are only three kinds of rifling, and all ВІ, guns. 
the systems may be called “ polygroove.” 

The “Armstrong " groove was adopted in 1859 for B.L. guns of that Armstrong 
date; it was suitable for lead-coated projectiles, the lands being narrow groove. 
and the grooves very deep. А shot chamber of suitable diameter 


бой Aw м үу 3 ау 


SM 


ТИВ ARMSTRONG GROOVE (muszle view). 


forms a stop in the bore, and determines the position of the projectile "Tw 

in loading; no ordinary force would suffice to drive it beyond this ‚АМ 
ition. 

— rifling known ав the Е.0.0. Polygroove is а simple system of go, Роіу.]сь c... 

shallow concentric grooves, the lands and grooves having generally groove. 

about the same breadth, with the “driving” and “loading” edges of " А, қ бе 

the grooves arcs of circles of different radii, the “ driving " being in- ol м, 

clined more abruptly to the normal. It is somewhat similar to the 577”, 

М.В. groove, but the lands are more marked and broader. It is suited 

to а cannelured soft-metal band which is attached round the base of 

the projectile, and the termination of the rifling (or commencement of - 

the lands) forms a stop for the front edge of the band. This rifling 

will be found in the 6-inch B.L. guns 80-pr. and Mark V, and the 

8-inch Mark VII, which were all rian icto at Elswick. Я 


Е 
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THE М.В. GROOVE. 


The most modern system of rifling is known as the M.B. or Mait- 
land-breech-loading groove. - This is a very shallow groove to suit a 
strong copper band, and consists of a driving side only, the curve of 
which is a perfect quadrant of a circle, as in the Maitland-muzzle- 
loading groove; the other side is sluped off into the bore, a small 
portion of which is left to furm a land between each two consecutive 
grooves. The depth varies from "04 of an inch in field guns (0506, in 
the heaviest pieces. 

By this system of rifling the barrel із not weakened to an appre- 
ciable extent, as in the case of any kind of deep groove, and the 
number of small driving edges distributes the strain in the gun all 
round the bore. The commencement of the rifling forms a stop for the 
projectile in loading, and the front edge of the band is faced off that 
the shot may be jammed in position, a precaution which may some- 
times be needed when the gun is being loaded at much elevation, to 
prevent the shot from slipping back into the chamber. The twist of 
rifling in the B.L. guns is increasing to only about half the length of 
the bore, the remainder is uniform. Тһе narrow driving band adjusts 
itself to the variation in twist. Тһе number of grooves in а gun with 
this rifling, as а rule, is four to each inch of calibre. This rifling will 
be found in all B.L. guns of new type which have been designed in 
the Royal Gun Factory since the year 1880. 
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CHAPTER IV. 


POWER OF GUNS. 


Work stored up in a projectile, and work done by the gun.—Power measured 
by the effect of the shot.—Power independent of construction.—Objects for 
artillery fire.—Velocity of a shot.—Boulengà Chronograph.—The instrument.— 
The electric circuits.— Adjustments before use.—Disjunctor reading.—Change іп 
distance or height.—Flat-headed projectiles.—Muzzle velocity.—Cubic law of re- 
sistance in atmosphere.—Laws of motion.—Bashforth’s experiments.—Integrals 
for space and time.—Formule.—Old and new tables.—Examples.—Bashforth’s 
tables.—High angle fire.—Angle of descent.— Pressure in the gun.—The crusher 
gauge.—Table of compressions, —Pressed coppers.—Correction for deviation from 
standard quality.—Crushers in the cartridge, base of shot, and axial gauges for B.L. 
guns.—Small pistons for heavy pressures.—Penetration of wrought iron plate.— 
Work stored up іп a shot.—Guns ©. armour.—Noble’s formula.—Maitland’s 
formula,—Recent experiments.—Noble's formula modifled.—Maitland's new 


formula and disgram.—Values of E .—Modeof using the diagram.—Ool. Inglis's 


theory.—Captain Orde Browne’s rule.—Comparison of power in guns per ton 
weight of metal.—Table for comparison of British and Foreign heavy guns.— 
Theoretical calculation of muzzle velocity.—Tables for Factors of effect.—Table 
of Factors of В.Г, guns. —Table for gravimetric density of charge. 


“Тненк are two points to be considered in connection with the power of 
artillery, viz.: the work impressed on the projectile, and the work done 
upon the gun. 

А gun may be looked upon as а machine for throwing destructive 
projectiles to а considerable distance, so its power may clearly be 
measured by the effect of a given nature of projectile at a definite 
range. 

Power it must be remembered, is independent of construction; but 
with similar pieces of ordnance, that which can produce the greatest 
effect with certainty and regularity in the shortest space of time, 
would naturally be pronounced the best gun. Оп the other hand, it is 
evident that in producing these effects the gun must not be unduly 
strained ; and for comparison of different pieces of ordnance the stress 
thrown on the gun in each case should be equal, or at any rate pro- 
portional to the ballistic results. 

Accordingly it is the practice in the Royal Gun Factory, on bringing 
out any new piece, to ascertain the maximum velocity which can be 
imparted to the shot with a charge best suited to the gun; afterwards 
the range and accuracy of shooting are practically determined at 
Shoeburyness. Range with similar projectiles will depend mainly upon 
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initial velocity, and accuracy upon 8 low trajectory with steadiness of 
flight ; во with service projectiles, the power may be said to depend on 
muzzle velocity, and this again on the amount of the charge which can 
be used within limits of pressure. Complete combustion of the charge 
and the degree of resistance in the bore are also matters for considera- 
tion, for these points help to determine the maximum effect which can 
be produced witha minimum expenditure of stores. . 

The first point in connection with “power” is the object that is 
sought to be attained by any particular nature of fire. We шау 
resolve this question into three general cases :— 

(1) Field Artillery ; when power шау be said to be proportionate to 
the range and effect of various natures of shell, especially against 
hune in the field. The power of shrapnel shell is generally measured 
by the number of effective bullets or splinters which can strike within 
a given area; the greater the range at which a definite effect of this 
kind can be produced, the more powerful a field is considered. 
The range, ceteris paribus, depends on the initial velocity of the shell, 
and so does flatness of trajectory, which mainly ensures accurate shoot- 
ing; so we must decide first on the minimum velocity that is necessary 
to ip to the bullets sufficient energy for disabling а шап,” and this 
will determine the range of the gun. Since this kind of power chiefly 
depends on velocity, it is the muzzle velocity which is studied in the 
manufacture of a gun of this class, in conjunction of course with the 
internal pressure which limits the strain on the piece. 

(2) Siege Ordnance. In this case, power generally will depend upon 
the capacity of common shell. A siege gun is required to break down 
earthworks, destroy masonry, and search out buildings, &c., behind 
cover. The projectile should, therefore, have sufficient energy to 
penetrate deeply into the object of fire, and then bursting it should 
wreck the spot as if a mine had exploded. Hence velocity again is 
required for range and penetration of shell, but the size and capacity of 
the shell is perhaps in this case as important. In the transport of 
ordnance for any siege purpose weight of course must be specially 
considered, so when this and the dimensions of the shell have been 
fixed, it is the aim of the manufacturer to construct а piece which shall 
give -= projectiles the highest velocity within its proper limits of 
strength. . 

(3) Heavy guns. These are used for many natures of fire, but they 
are only required to put forth their full stren in effecting the 
perforation of armour. This kind of power, with projectiles of the 
same form, material and weight, will be found to vary with some 
function of the striking velocity of the shot. Penetration of wrought- 
iron plate will be discussed in a later part of this chapter, but velocity 
again is evidently the chief element of power in this subdivision of 
ordnance. 

Hence velocity is of primary importance for all natures of projectiles, 
and it will be necessary to explain the method of ascertaining the muzzle 
velocity of в shot as observed at the Royal Gun Factory; afterwards 
we can investigate the retardation in air to obtain the striking velocity, 
which is the real measure of power or destructive effect. 

Various instruments have been used in the history of artillery 
to measure the velocity of a shot, such as the Ballistic Pendulum ; 


* Colonel Maitland, R.A., in а paper which was published in the Proceedings, 
В.А. Institution, vol. ix, p, 384, estimated that the remaining velocity in shrapnel 
shell should be not less than 800 f.s.; but probably, 500 f.s. striking velocity 
would be amply sufficient for a bullet or splinter of size to kill or disable a 
man. 
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the Navez-Leurs Electric Machine; the Noble Chronoscope; and*the 
Boulengé, Bashforth and Watkin Chronographs; but the only one 
employed of late years is the Boulengé Chronograph, so it will be 
sufficient to give a general description of this instrument in use.* 


The Boulengé Chronograph. 


Electricity is the agent employed for obtaining records to correspond 
with the motion of a projectile in the air. The apparatus consists of 
two parts, viz.: (1) a mechanical instrument, and (2) a system of 
electrical circuits. 

The instrument is a hollow brass column carrying two electro- 
magnets attached at different heights; the column stands on a 
triangular base resting on three fine-threaded screws, so that it may 
be accurately adjusted in a vertical position. 

From the upper magnet a long bar called a “ chronometer” can be 
suspended when a current of electricity is passing through the coil: 
from the lower a short bar called the “registrar” can hung ша 
similar manner. Beneath the latter a table is placed on which the 
registrar falls as soon as the electric current ceases to flow, anda 
guard-tube is provided to catch it after —— the table: the table is 
connected with a circular knife, which can be held back by a spring-catch, 
and this is released by a “trigger” arrangement when the falling- 
weight drops on the table. The chronometer is sheathed with a zinc 
tube (to be renewed as often as necessary) in order that the knife may 
make a perceptible mark when it strikes. 

Now suppose the circuits to be completed, the magnets to be active, 
and both bars to be suspended from their points of attachment; if the 
registrar alone is permitted to fall it will evidently make a dent on the 
chronometer on a level with the edge of the knife: this point may be 
called the “origin” or “zero” on the bar, for the measurement of 
distance of other points afterwards marked above it. Again, supposing 
both bars to be released simultaneously; the chronometer will then fall a 
certain height before the knife comes in contact with the zinc tube, 
because time ія required for the registrar to act and for the knife to 
strike after release; the time is fixed at "15 of a second, and the adjust- 
ment for time must always be carefully made before using one of these 
instruments. The point marked in this case on the chronometer is 
called the “ Disjunctor reading,” for the instrument should read to this 
line when by means of a disjunctor in the electrical circuits both 
currents are severed at once. 

As a third case let us imagine that a short space of time is allowed 
to elapse between the moments of releasing the bars, the chronometer 
being allowed to fall first; it is evident now that the mark made on 
the zinc will be registered still higher up, the height varying with the 
time which is allowed to lapse in giving the chronometer a start. In 
this lies the principle of the Boulengé chronograph for measuring 


* Colonel Sebert's velocimeter has been recently added to the instruments at the 
Proof Butts. This is an ingenious machine by which the vibrations of а tuning 
fork are made to record the velocity of a shot between any two points in ite path. 
The note of the fork is pitched to give exactly 1,000 vibrations per second, and 
these can be marked on а strip of steel coated with lamp-black, while an axis line is 
being drawn at the same time by a fixed pen. Electrical currents are arranged to 
indicate the passage of the shot ow point to point, and the number of vibrations 
recorded between the corresponding positions on the steel strip is à measure of the 
velocity of the shot over that interval, which may be either in the gun or in front 
of the muzzle. This instrument can be used to measure recoil, and also by 
calculation to find out the pressure at any part in the bore, 
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OHAP. IV. 
-- Fie. 1.—0HRONOGRAPH IN POSITION FOR MEASURING THE VELOCITY ОР 
PROJECTILES. 
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velocity іп а shot; it is a gravity instrument, and the height of the 
“ velocity mark” upon the chronometer above the disjunctor line is a 
measure of the time which has elapsed between the successive inter- 
ruptions of the currents. 

he electric circuits consist of two separate batteries, the number of 
cells being proportional to the strength which is required in the magnets. 
The more powerful battery is connected with the upper magnet, which 
has to support the longer and heavier bar (the chronometer), and this is 
conn with 8 wooden frame laced across with copper wire in the 
circuit, placed a short distance from the muzzle of the gun.* Тһе other 
battery in & similar manner supplies a current for the lower magnet 
&nd а second screen which is placed in the path of the shot at a definite 
distance in front of the first. 

On firing the gun, the shot passes through both the screens and 
breaks the wires successively; then the interval of time between the 
interruption of the two circuits, which is the time taken by the shot in 
passing over a definite space, is measured by the height through which 
the chronometer falls under the simple action of gravity. 

The screens are usually placed 120 feet apart, the one nearest the 

n being sufficiently fur from the muzzle to &void injury from the 

last, or pellets of unconsumed powder. 

The heights on the chronometer will be measured by scale, and the 
corresponding velocities may be read off from а table, or from 
graduations on the same scale, An example will show how velocity 
m v arrived at from any measured height on the chronometer bar. 

t the height л = 8:573 inches through which the chronometer has 
fallen, measured from the origin or zero. Then, since À = $98, 


$ = / T = 8'578 — 9107 of а second. 
12 x g 6xg 


Deduct “15 of а second for the instrument, and '0607 is the time taken 
by the shot in passing over the space between the two screens. It 


follows then from the ratio T which is the common expression for 


rate of motion, that the velocity = 120. = 1977 f.s. 

It has been mentioned already that the instrument requires careful 
adjustment. There are three points to be looked to invariably just 

ore use :— 

(1) The vertical position of the column; this can be regulated by 
the pedestal-screws when the chronometer is suspended in proper 
position. 

(2) The strength of the magnets; this adjustment is made by а small 
brass cylinder which can be slipped over the bars, and which the 
electro-magnets must not be able to support in addition to the weight 
of the rods. Daniels cells are commonly used, because it is important 
to have в current of constant intensity. 

(3) The disjunctor reading ; this must be carefully attended to, and 
its adjustment will require further explanation. 

On the graduated rule which is supplied for measuring the heights 
and velocities, both a zero and a disjunctor line will be found, the latter 


@ Tho wire is often stretched across the muzzle of the gun with proper insulating 
means of attachment, but the moveable screen is generally found most convenient. 
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being marked at a distance from zero equivalent to the height which 
the chronometer would fall in “15 of a second, viz.:—4°345 inches. Ву 
means of a scriber attached to a vernier-slide on the scale, a line repre- 
senting this distance can be traced all round the zinc tube, which for 
economy is put on in two lengths, for each can be reversed or ex- 
changed independently when too much marked for further use. Both 
currents are brought under control by үзэг them through a “ dis- 
junctor:” this is a detached part of the instrument composed of а 
mainspring, with a cross-piece of some insulating material, between 
two steel plates which form part of the circuits. When the spring is 
pressed under a catch the steel plates are brought in contact with two 
metal pins, so that the electrical circuits are then complete, When the 
spring is released, the crosspiece (striking both the steel plates at once) 
lifts them away from the pins, and so breaks both the currents at the 
same instant exactly. 

It is of the utmost importance that the disjunctor reading should 
agree with the line marked on the chronometer bar. To effect this, 
the disc of the trigger on which the registrar falls is made capable of 
being raised or lowered within certain limits so as to regulate the time 
of its fall; this will have to be adapted to the strength of the currents, 
length of wire in the circuits, and other variable quantities affecting 
the time required for the instrument itself. 

There remain still one or two points to be noticed in connection with 
the Boulengé chronograph to adapt it for use when the standard 
conditions cannot be conveniently followed. 

It may sometimes be convenient to change the distance between the 
two screens. In this case the mode of procedure is exactly the same, 
and the same graduated rule may be used; for since the instrument 
merely measures the time, velocity will be directly proportionate to 
the interval between the two screens. 

For море, let the distance be changed from 120 to 60 feet, and let 


v' be the velocity read off from the scale; then 
v:v' ::60:120 
60, 
"—" 
ог, аз а general expression, v = 2, “ 
, Р = 120 


The time of the instrument’s action may also be changed by fixing 
the electro-magnets nearer or farther apart. Such an alteration, 
however, will affect the disjunctor reading, for this line would have 
to be traced at a height co nding to the new time. Suppose, 
for instance, that any one wished to allow the instrument more 
time, say “2 of a second instead of “15, the height of the disjunctor 
reading would then be 7:724 inches, and а special velocity scale would 
be needed; but calculations could always be made from first principles, 
by means of а scale reading to a thousandth of an inch. 

Flat-headed proiectiles are always used at the Proof Butta, to make 
sure of breaking а strand in each screen; their penetration into sand 
is much less than that of an ogival-headed shot, while uncertainty of 
deflexion is also avoided to а very great extent. 


Muzzle Velocity. 


Тһе velocity obtained by use of the Boulengé chronograph is а mean 
velocity between the two screens; but as the retardation of the 
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projectile in air over so short a space would be small, we may 
practically take the observed velocity as the actual velocity at the 
middle point between the two screens. This is a point in the path 
of the shot some distance from the muzzle of the so the next 
step of calculation will be to find the velocity at the muzzle. By 
the same formule that enable us to work back to the muzzle, we can 
also determine the remaining velocity at any definite range. 

It is acknowledged that the retardation of a shot is some function of 
its velocity, depending also on the dimensions and weight of the pro- 


jectile (їг, < 5 ), and on the form of its head. 


Bernoulli, in the early part of last century, first propounded the cubic 
law of resistance, and established by mathematical reasoning that re- 
tardation varied with some function of this power of the velocity, that 
is to say, that R = м1, where д is a quantity depending on special 
conditions. This may not be perfectly true for all velocities, high and 
low, but it was the foundation of Mr. Bashforth’s experimenta, and 
of the tables which are now generally used. We cannot afford space 
to investigate here the motion of a projectile in air,* but, accepting this 
law of resistance, it may be advisable just to explain how the value 
of р was obtained for elongated projectiles of service dimensions. 

Velocity when uniform is measured by the ratio of space to time, thus 


v= + When variable v == . Hence the law of motion which connects 

space and time with acceleration or change in the motion, is given 
у dv ав š 

by the equation f = dt = dp where f denotes acceleration, 

Now Mr. Bashforth conceived that if the time of flight of & shot was 
expressed differentially in terms of the space, and if the second differen- 
tiations became practically constant, the motion of a projectile in air 
would be connected at once with these known дей жете laws. 
Thus, if 

° = as + bea’, 


а + 28. 


яма 
and v OF да F 25 


ds 
2b dt 


йз _ __ 22 
hence — = азат 2543, 


Неге we have the cubic law of resistance, and the problem to be 
practically solved was, first, whether 20 could be considered as 
constant, and, if so, what value should be assigned to this quantity in 
the case of projectiles of service dimensions. 

Mr. Bashforth accordingly invented а chronograph which could be 
used with any number of screens, and he carried out exhaustive 


m 
2 


---- 


% For a жин investigation of trajectories the reader is referred to Мг, 
Bashforth’s work on this subject, and to в pamphlet by Professor Niven, F.R.A.S., 
“On the calculation of the Trajectories of Shot,” which was published by the 
Жо Society іп 1877. Both methods of investigation have been веб furth in the 
* Text Book of Gunnery,” 1883, by Captain Mackinlay, R.A.; and more recently 
Professor Greenhill, M.A., has supplied a new method of treating this subject in 8 
paper which was published in the Proceedings of the R.A. Institution in August, 
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experiments to ascertain the loss of velocity or retardation at suc- 
cessive points in the path of a shot. It was found with a 12-pr. 
(38-inch) gun that to nine places of decimals 20 might be taken as 
constant and equal to -000000084.* 

Retardation, however, must evidently vary directly with the area 
presented to the resistance of the air, and inversely with the weight of 


the projectile of any given diameter. Hence Еж — ; and to find the 
value of 25 in the case of any other gun, say the 9-inch R.M.L. gun, 


Би (892% 11-6 
2 = “00000004. х “550  Х (595) 
= "00000003447. 


Retardation will vary also to some extent with the form of head оп 
the projectile, with the state of the atmosphere, &c.; the effects of 
which altogether Mr. Bashforth summed up in an infinitesimal quantity 
K, varying with different velocities; and this he multiplied by (1000) 
to give it a tabular value. In using his tables, therefore, we must write 


ох — Ф 
= ` (1000 
Adapting this expression to * law of retardation caused by resist- 
Же 4 Ф Ф о y 
ance in air, we find that f = dá? = — TF. — — К(1000) 


Assuming that the force of resistance acts always іп the direction of 
flight, that is to say, in a tangent to the curve of the trajectory; and 
that, with low trajectories and high velocities, the path of a shot over a 
limited space may be considered as a straight horizontal line (the vertical 

d 
component being neglected); then since S = E = — 2608, we find 
by integration between the limits of any two adjacent velocities 


1 1 
V, and V, that 2b = + [am ту}, 
1 


d dv 1 1 
and since 2- 92, We find also that 338 = { үст }. 


Ву substituting in these equations the value of b as given in the 
expression above we arrive at the following formule :— 


d? 500 1000.5 1000): " 
wK LO) - C.) j srra 
d? (1000)? 1000 1000 
— W — "W | "c RH 
These quantities have been integrated for small differences of velocity, 
commencing with an initial velocity of 1,700 f.s., aud assuming a retarda- 
tion of 10 f.s. at a time, giving the proper value to К in each calculation. 
The table of integrals thus carefully compiled was afterwards rendered 
complete by interpolation for each foot per second. The calculations 
were no doubt intricate, but the use of these tables (like а table of 
logarithms) has been made very simple. By means of symbols for 
these tabulated quantities the foregoing expressions may be written as 
follows :— 


* From subsequent experiments with higher and lower velocities, it appears 
that ó is subject to considerable variation. 


... 
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%,.-т,-т, 
w 


for the tables published in 1870. 
w* = 5,-- 8, 


where Т, and 5, refer to апу observed or remaining — — v, and Т, 
S, to the initial or muzzle velocity V. Then in using these formule for 
working examples, a problem is reduced to the solution of a simple 
equation, with only one quantity unknown. | 

With the introduction of high velocity guns it was found necessary 
to extend these tables considerably, so Mr. Bashforth repeated his 
experiments in 1878-9. A new set of tables were published in 1880, 
which are entirely different from those published before; for certain 
changes were introduced to render them more simple and accurate, and 
these integrals form a perfectly new series of numbers. The formule 
also were changed ; they are now written as follows :— , 


P TT, 
w for the tables of 1880. 


Ф 
Za Sç — S, 


Before working an example it is necessary to ascertain which tables 
are available for use. The new tables are given at p. 80, and they are 
used in the following examples, which are intended to show some of 
the ways in which the formule сап be applied. 

I. The observed velocity of a shot from a 12-pr. B.L. gun at 110 
feet from the muzzle is 1,780 f.s. To find the muzzle velocity. 

Неге а = 8 inches; w = 12:5 lb.; s = 110 feet; and v = 1780. 


Hence й, = 79°2. 
w 


Then since = 8; — S, 


81% 


8;= S+ 7, = S уво + 79:2 


= 448605 + 792 
= 44430-7. 


Now, by examining the tables for a velocity which corresponds to 
this number, we find that 


У = 1,800 f.s. 


If a flat-headed projectile was used and the corresponding velocity 
is required for one of ogival form, the amount of correction to the 
eed velocity will be about double, and then M.V. would be 1,820 

8,6% 

II. In what time would the velocity of the projectile be reduced from 
1,820 to 800 f.s. ? 

Taking the formula for “ time” and substituting the values of d and 
w, as before— 


% This rule for correction has been in force for some time ; it was recently tested 
by а series of experiments conducted at Woolwioh and Shoeburyness, and proved to 
be perfectly right. 
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12:5 
= — (Тізе — Тж) 
1:89 (288-1358 — 225:7685) 
1:89 х 7:3668 
10:24 весопда, 


ПІ, What would be the range іп the preceding case 
ss. д — 
ин ж ( ы 5 


1:39 | 44520-3 — 86512 | 
1:39 x 80077 


— 


== 8,710 yards, 


These examples may be taken to show the effective range and 
extreme length of fuze for shrapnel shell when fired from this nature 
of gun, assuming that the shell ought to possess a remaining velocity 
of 800 f.s. at the time of disruption. 

IV. A shot is fired towards an enemy's work from a 22-pr. gun to 
find out the range, and it is observed to strike the ground in five 
seconds. Show how the distance may be ascertained. 

N.B.—There is no formula directly combining the data for space and 
time, so we have to work through a connecting link, which is found 
in “remaining velocity.” 


We have here for the data: М.У. (say) 1,790 f.8.; d = 95 inches; 
w = 22 ]b.; t= 5 seconds; and = t = 2:785. 


(1) То find the striking velocity :— 


Ë 
E = Tv— Т, 
= 288-0690 — 2:785 
= 230°284; 
hence v = 1,068 f.s. 


(2) То find the range :— 
“ 8 = 8ұ- 8 
w 


— 3 { Вино — Sus | 

22 "eom 
сіз [444007 — 40632-6 } 
99 x 87681 
6,766 feet, 
2,255 yards. 


It has now been explained how velocity at the muzzle may be found 
from the mean velocity observed by a chronograph, and how by 
similar calculation the shot's velocity may be known at a distance; 
thence also how range and time of flight may be found. But these 
calculations are applicable only to flat trajectories, that is to say,to 
direct fire; with bigh angles of elevation it becomes necessary to work 
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out the trajectory in parts, by dividing the curve into several portions, 
at any rate into an ме re descending branch. This is laborious 
work, and not generally undertaken, except for scientific research. 


Angle of descent. 


From a complete trajectory the angle of descent would naturally be 
found, and this is a useful point in connection with high-angle fire; 
but for low angles of elevation a short method of calculation can be 
given in terms of the component parts of velocity. 

If we take e and ¢ as the angles of elevation and descent, 


vertical velocity 
tan e = yorizontal velocity (initial 


vertical velocity 
deni horizontal velocity (final) 


Now with small angles we may consider that the value of the 
tangent is roportionsl to that of the angle itself, and with a flat 
trajectory there can be little change in ‘the vertical component of 
velocity ; therefore— 


For example, let us take the 6:3-inch R.M.L. howitzer fired with а 
4 Тр. charge at an elevation of about 4 degrees. The М.У. with this 


charge is 750 f.&, and the range about 800 yards. We must first 
calculate the remaining velocity :— 


Z ` (6:3) 2400 
== 85440:2 — 1360 
= 840802 

whence v = 692 f.s. 


Now for the angle of descent :— 


= 4386 = 4° 20! approx. 


A small correction might have to be given for “jump,” which 
practically makes a change in the elevation of the gun; this varies with 
different systems of mounting. 

This method, however, is now generally superseded by that of Mr. 
W. D. Niven, whose Table (with an example of its application) is given 
in tbe Appendix, p. 383. 

The following tables for calculation of velocity and time are re- 


rinted from Mr. Bashforth's Report on Experiments made with his 
hronograph, 1880 :— 
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Table of Values of 3: for Ogival-headed Shot. 
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POWER ОҒ GUNS. 


_ Tablo of Values of z, for Ogival-headed Shot. 


22 9:1014 
9 2454 
9:3851 

22 9:5207 
9-6522 
9:7796 

22 9:0024 


23 0'0177 
0:1626 


23 0:2170 
073031 
03835 


22 04593 
0:5314 
0°6004 


23 0°6668 
0-7311 
0-7936 


1.5214 
1'5647 


5 883 Bš 


+ 


НЕН 


ооо ос QOO» b» 
% 
~ 


2 5 в 
secas. secs. secs. secs. secs. secs. secs. 
1-8492 2-9513 | 2-9852 
3:1863 3-2856 | 3'3185 
3-5140 3°6105 | 83-6424 
3-8323 3-9260 | 379511 
4:1416 4:2326 | 4-2628 
44422 4:5308 | 4-5602 
4:147 48208 | 478483 
5 -0185 | 5-0464 5:1020 | 5-1296 
5:2937 | 5-3208 53747 | 6-4016 
85606 | 55869 5'6391 | 5:6652 
5.8197 | 5-8462 8.8959 | 5:9212 
60711 | 6-0969 6-1451 | 6-1696 
6:3161 | 6:3390 6-3967 | 6-4104 
6-5509 | 6:5140 6-6201 | 6-6430 
67196 | 6-8009 6:8454 | 6-8675 
6 9984 | 7 -0200 10629 | 7-0842 
7.2107 | 1:2315 1:2129 | 71-2935 
1:4156 | 7-4357 7°4757 | 7-4966 
16127 | 176332 1:6719 | 1-6012 
7:8056 | 7-8244 1-8618 | 7-8805 
1-9909 | 8-0091 8-0452 | 8:0632 
8-1699 | 8-1876 8-2225 | 8-2399 
8:3432 | 8-3602 8-2941 | 8-4109 
8-5109 | 8:5213 8-6601 | 85164 
8-6732 | 8:0892 8-7209 | 8-7367 
8-8305 | 8:8459 8:8767 | 878920 
8-9828 | 8-9978 9:0216 | 9:0425 
91206 | 9 "1451 9-1740 | 9-1884 
9:2131 | 9-2878 9-3158 | 9-3298 
94126 | 9:4262 9:4534 | 94670 
9:5473 | 9:5806 95869 | 9-6001 
9:6180 | 9" 9-7164 | 9-7291 
9:8046 | 9-8170 9 8417 | 9-8540 
99262 | 9:8380 9-9612 | 9'9727 
00396 | 0-0504 0-0716 | 0:0820 
0-1423 | 0:1820 0-1710 | 0:1804 
0:2341 | 0-2425 0-2809 | 0-2894 
0-3196 | 0-3278 0:3439 | 0:3520 
0:3990 | 0:4067 0 4219 | 0-4295 
04740 | 0 4813 04958 | 0:5030 
0:5454 | 0:5524 0-5662 | 0 5731 
08139 | 0-6206 0-6339 | 0-6405 
0-678 | 0:6963 0-6992 | 0-7056 
0:7437 | 0-7600 0:1625 | 0-7688 
0-8069 | 0-8120 0:8242 | 0'8203 
0:8665 | 0-8728 0-8847 | 08906 
0:9259 | 0-9317 0:9433 | 0-0490 
0:9833 | 0:9890 1:0003 | 1-0069 
170394 | 1-0449 170560 | 10614 
1:0940 | 1:0994 14101 | 1-1164 
171418 | 1:1625 171630 | 171682 
11992 | 12043 12146 | 172196 

1-2499 | 1-2549 12649 | 1: 

1-2994 | 1:5043 1:3140 | 1-8188 
15477 | 1:3524 1-3619 | 1-3667 
1.3048 | 1:3995 174068 | 1:4134 
14410 | 144% 1.4546 | 1-4501 
174960 | 1°4905 1-4993 | 1-5038 
1:530] | 1:5345 1:5431 | 175475 
1:5132 | 1-6776 1:5960 | 1-5902 
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POWER OF GUNS. 


Table of Values of 4, for Ogival-headed Shot. 


secs. secs. secs. secs. secs. secs. secs. secs. 
"6112 | 1'6155 | 1'6196 | 1'6228 || 1-6280 | 156221 | 1436? | 1-6404 
"6527 | 1-6568 | 1'6609 | 1°6650 || 1'6690 | 1:6731 | 1'6772 | 1:6812 
6933 | 1°6973 | 1:1013 | 17063 | 17093 | 17133 | 1°7173 | 1:7212 
1:7331 | 1°7370 | 1:7410 | 17449 | 17488 | 1:7527 | 1:7566 | 177606 
177721 | 1:7160 | 1:7798 | 1'7837 || 1'7875 | 17913 | 1:1952 | 1:7990 
1:8104 | 1'8142 | 1:8179 | 18217 | 18256 | 18292 | 1'8330 | 1:8367 
8479 | 1-8517 | 1'8554 | 188591 | 1:8628 | 1'8665 | 1:8702 | 1:8738 
1:8848 | 1'2885 | 18921 | 1:8968 | 1:8994 | 1:9030 | 1:9067 | 1:9103 
1:9211 | 1:9247 | 19282 | 19318 | 199354 | 1:9390 | 1:9426 | 1:9461 
1:9561 | 1:9502 | 1:9628 | 1-9673 | 1-9708 | 1:9743 | 1:9778 | 1:9813 
1:9918 | 1:9952 | 1:9987 | 2:0022 || 2:0066 | 20091 | 20125 | 2:0160 
2:0283 | 2:0297 | 20331 | 20365 | 200399 | 2:0433 | 2:0467 | 240501 
2:0602 | 2:0636 | 2'0670 | 200703 || 2:0737 | 2:0770 | 20804 | 2 
2-0937 | 2:0970 | 2:1003 | 2:1036 || 2:1069 | 21102 | 211135 | 271168 
2'1267 | 2:1299 | 2:1332 | 211364 || 2:1397 | 2:1430 | 2'1462 | 2:1494 
2:1591 | 2:1624 | 2:1656 | 21688 | 2'1720 | 2:1752 | 2:1784 | 2:1816 
2 1912 | 2:1944 | 21975 | 22007 || 2:2039 | 2:207 22102 | 272134 
2-2228 | 372260 | 2:2291 | 22222 | 2'2354 | 22285 | 22416 | 272447 


2:3514 | 273543 || 2'3573 | 2:3603 | 2:3633 *3662 
2:3810 | 2:3840 || 23869 | 2:3899 | 23928 "3958 


2:5193 | 2:5221 | 2:5249 | 2:5277 || 2 5305 | 2°5333 | 2:5361 5389 
2:5412 | 25500 | 2:5528 | 2:5555 || 2:5583 | 2:5611 | 2:5638 "8666 
715148 | 2'5776 | 2:5803 | 2:5831 || 2:5858 | 2:5885 | 2:5913 "5940 
2:6022 | 2:0049 | 2-0076 | 2:0103 || 26130 | 26157 | 2°6184 | 2.6211 
2:6292 | 2:6319 | 2:6246 | 2°6373 | 26400 | 26426 | 2-6453 "6490 
"6560 | 2:6586 | 2:6613 | 2:0640 || 26666 | 2:6693 | 26119 | 2'6745 
-6825 | 2 24877 | 2°6903 2:6956 | 2:6982 | 2:7008 
“1087 | 2:1113 | 277139 | 277165 | 2.7191 | 2:7217 | 2:7243 | 2'7268 
"746 | 2.1372 | 27398 | 27423 7449 | 21415 | 27500 | 2'7526 
"1603 | 2:1628 | 27654 | 2'7679 || 2°7705 | 2:7730 | 27756 | 27781 
"1857 | 2°7882 | 2:7908 | 2:1933 | 2:7958 | 2'7963 | 2:8008 | 2:8034 
78109 | 2:8134 | 2:8159 | 2:8184 || 2:8209 | 2:8234 | 2:8258 | 28253 
"8358 | 2:8383 | 2'8407 | 2:8432 || 2:8457 | 28481 | 28506 | 2:8531 
78604 | 2:8629 | 2:8653 | 2-8678 | 28702 | 28728 | 2:8751 | 2:8775 
“8848 | 2:8872 | 28896 | 2-8921 | 2'8945 | 2:8969 | 2'8993 | 2:9017 
79089 | 2'9113 | 29137 | 29161 | 299185 | 2:9209 | 29233 | 279257 
9328 | 2'9352 | 2:9876 | 29399 | 2:9423 | 29447 | 29470 | 2:9494 
79565 | 2 9588 | 2:9612 | 2:9636 || 29659 | 2:9682 | 2 29729 
9799 | 2-9822 | 2:9845 | 2-9869 || 2-9892 | 29915 | 2:9938 | 2-9961 
740031 | 3:0054 | 3:0077 | 3:0100 || 3:0123 | 3:0146 | 30169 | 3:0192 
740260 | 3°0283 | 3:0306 | 3'0229 || 3:0361 | 30374 | 3:0397 | 3'0420 
3°0510 | 370533 | 3-0555 || 3:0578 | 3:0600 | 3'0623 | 3:0645 

70713 | 3:0136 | 370757 | 3-0780 || 3-0602 | 80624 | 3:0847 | 3:0869 
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POWER OF GUNS. 83 


Table of Values of 4, for Ogival-headed Shot. 


0 3 
secs. secs. secs. secs, + 
3:3072 | 3:3092 | 3:3112 || 3:3132 3:3212 || *0020. 
3:3273 | 3:3292 | 3°3313 || 3'3333 3:3412 || *0020 
3:3472 | 3:3492 | 3:3511 || 3:3531 3:3610 || *0020. 
22 3:3669 | 3:3689 | 3:3708 | 3:3728 3:3806 || "0020 
3'3864 | 3 "3884 | 3:3903 || 3:3922 3:4000 || “0019 
3°4057 | 3°4077 | 3:4096 || 3:4115 3°4192 || *0019 
23 3°42 3'4249 | 3:4268 | 3:4287 || 3°4306 3-4331 || "0019 
3:4438 | 3-4457 | 3:4476 || 3'4494 3'4569 || -0019 
3:4625 | 3'4644 | 3° 34681 3:4765 || "0019 
3:4810 | 3:4828 | 3°4846 || 3:4865 | 3-4883 3:4938 || *0018 
3'4992 | 3:5010 | 3°£028 || 3'5047 | 3:5065 3.5119 || "0018 
3'5190 | 3:5208 || 3:5226 | 3:5244 3:5297 || "0018 
3'5333 3-5404 | 3:5421 3:5474 || '0018 
3:5509 3°5579 | 3'5596 3:5648 || "0017 
3:5683 3:5752 | 3-5769 3:5820 || “0017 
3:5854 3:5922 | 3.5939 3:5990 || "0017 
3:6024 3:6091 | 3:6107 3:6157 || *0017 
8-6101 3:6257 | 3:6213 3:6323 | 70016 
3:6355 3:6420 3:6485 || “0016 
36518 ? 3:6646 || "0016 
3'6678 3'6805 || 70016 
8:6836 3:6961 || "0016 
3:6992 3:7116 || "0015 
3'7146 3°7268 || 0015 
3-1298 3:7419 || “0015 
3°7448 3'7567 || "0016 
к 8:7714 


“0015 

“0014 

0014 

“0014 

23 3:8158 38283 || “0014 
3'8297 3'8421 || “904 
83-8135 318601 || '0014 
23 3:8571 | 3:8584 | 3:8598 | 378611 3'8692 || “0013 
3:8705 | 3-8718 | 3-8732 | 3'8745 3:8824 || -0013 
3:8838 | 3:8851 | 83-8864 | 2-8877 3:8956 || 0018 
3-9085 || “0013 

3:9214 || 70013 

8'9341 || “0013 

3-9467 || “0013 

3:9592 || 0013 

3'9716 || -0012 

3:9841 || “0012 

3:9965 || %012 

4:0088 || “0012 

4-0211 || -0012 

220324 || "0012 

4:0456 || "0012 

4:0578 || “0012 

4°0699 || “0012 

4:0821 || "0012 

470942 || -0012 

4:1062 || -0012 

4:1183 || “0012 

4:1303 || “0018 

4:1423 || 0013 

4:1542 || %012 

23 4-1654 | 4:1566 | 4°1578 | 4:1690 4°1661 || -0012 
471613 | 4 °1685 | 4-1697 | 4-1709 4:1780 || -0021 
41792 | 4:1904 | 471815 | 4:1827 4:1898 || 70012 


OHAP. IV. 


POWER OF GUNS. 


Table of Values of 2, for Ogival-headed Shot. 


v. 0 1 2 3 4 5 6 
f.s. secs. secs, secs. secs. secs. secs. secs, secs socs 
250 || 23 4:1910 | 4:1922 | 411933 | 4-1945 | 4:1967 | 4-1969 || 4:1980 
251 42021 | 4:2039 | 4-2051 | 4 2062 | 42074 | 4-2086 || 4-2097 
252 42144 | 42156 | 4-2167 | 4°2179 | 42190 | 4°2202 || 42214 
n 5 253 | 23 422260 | 4:2272 | 4:2283 | 472295 | 4:2306 | 4:2218 || 472329 
ы 254 4°2375 | 4:2381 | 4:2398 | 4:2410 | 42421 | 472433 || 4'2444 
X Md 255 4:2490 | 4°2501 | 4°2513 | 472524 | 42585 | 42547 | 472508 
29 256 || 23 42603 | 42615 | 4°2626 | 42637 | 4:2648 | 4-2660 || 42671 
: 267 4°2716 | 42727 | 472138 | 42749 | 472760 | 4'2772 || 4'2783 
(4 258 42827 | 4'2828 | 42849 | 4-2860 | 42811 | 4'2882 || 4-2893 
250 || 23 42927 | 4:2948 | 4:2969 | 4°2970 | 4'2981 | 4'2992 || 4:3003 
260 4'3046 | 4°3057 | 43068 | 4°3079 | 4'2090 | 4:3101 || 4:3111 
, 261 413154 | 4:3165 | 4:3116 | 4:3187 | 4:3197 | 4:3208 || 4:3219 
E 262 | 23 4:3261 | 4°3272 | 4°3282 | 4:3293 | 4'3303 | 4:3314 || 4:3325 | 4'3335 | 4'2348 
< 263 4°3367 | 4°3377 | 4:3388 | 4 3398 | 4:3409 | 4:2419 || 4:3429 | 473440 | 4 "3450 
264 413471 | 4 "3482 | 4:3492 | 473502 | 4 "3513 | 4 "3523 || 4:3533 | 4'2544 | 4 "3554 
265 | 23 4°3574 | 4 °3585 | 4:3595 | 4:3606 | 4'3615 | 4'3626 || 4 3636 | 43646 | 4 "3656 
266 4°3677 | 4°3687 | 4:3691 | 4°3707 | 4°3717 | 4°3728 || 4:3738 | 4:3748 | 4:3758 
267 4:3778 | 4°3788 | 473798 | 4°3808 | 43818 | 4:3828 || 4:3838 | 4:2848 | 4:3858 
268 || 23 4°3878 | 4:3888 | 4:3898 | 4'2908 | 4:3918 | 4'2928 || 4:3938 | 4'2948 | 4:3958 
269 4:3977 | 4:2987 | 4:3997 | 4'4007 | 4°4017 | 4-4027 || 4:4036 | 4:4046 | 4:4056 
270 4°4075 | 4:4085 | 474095 | 4 "4106 | 4'4114 | 44124 || 4:4134 | 474143 | 4:4153 
- 271 || 224-4172 | 4:4182 | 4°4192 | 4°4201 | 4°4211 | 4°4220 || 4'4230 | 4:4240 | 44249 
` 272 474268 | 4°4278 | 4:4287 | 4'4297 | 4°4307 | 4:4316 || 4:4326 | 4:4335 | 4°4344 
213 4:4363 | 4'4373 | 4:4382 | 4 4392 | 44401 | 444411 || 4'4420 | 4'4429 | 4-4439 
274 | 23 4°4457 | 4:4467 | 4'4476 | 4'4485 | 44495 | 4*4504 || 4'4513 4°4532 
275 474561 | 4'4560 | 4:4569 | 4'4587 | 4'4587 | 4°4597 || 4:4606 4°4624 
276 474643 | 4°4652 | 4-4661 | 4°4670 | 4°4679 | 4-4688 || 4:4697 4°4715 
1 
277 | 23 4:4734 | 4°4743 | 4:4152 | 4:4161 | 4°4770 | 4°4779 || 4-4788 4:4906 
218 414824 | 4:4832 | 4-4842 | 44850 | 4-4859 | 4:4868 || 4:4877 474895 
Ж 279 414913 | 4:4922 | 4'4920 | 4`4939 | 4'4948 | 4'4957 || 4:4866 4:4983 
280 || 23 4:5001 | £5010 | 4-5018 | 4:5027 | 4:5036 | 4-5045 || 4:5053 4:5071 
281 4'5088 | 4:5097 | 4:5105 | 455114 | 4:5123 | 4'5131 || 4:5140 4:5157 
282 455174 | 4:5183 | 455101 | 475200 | 4:5208 | 4-5217 || 4:5226 4°5243 
283 | 23 4:5260 | 4'5268 | 4°5277 | 4'5285 | 4:5293 | 4:5302 || 4:5310 4°6327 
284 4°6344 | 4:5352 | 4°5361 | 4'5369 | 4:5378 | 4'5396 || 4:5394 45541 
285 4:5421 | 4°5436 | 45544 | 4:5452 | 475481 | 4'5469 || 4°5477 41194 
286 | 23 4:5510 | 4-5618 | 4'5527 | 4:5535 | 4°5543 | 4'5551 || 4-5669 4:5576 
287 4:5592 | 4:5600 | 4'5608 | 4:5616 | 4:5624 | 4:5632 || 4:5641 4:5657 
288 4:5673 | 4:5681 | 4:5689 | 4:5697 | 4-5706 | 4°5713 || 4:5721 4:5737 
289 | 23 4'5753 | 4:5761 | 4:8769 | 4°6777 | 4°6785 | 4:5793 || 45800 4.5816 
290 4'5822 
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POWER OF GUNS. 
TABLE VII. 


Table of Values of z, for Ogival-headed Shot. 


1 2 3 4 5 6 7 8 9 
feet. feet. feet. feet. feet. feet. feet. feet. feet. 
1238 1409 1578 1746 1910 2074 2236 2391 2557 


2871 2026 3180 8883 3484 3638 3782 3929 4075 
4363 4506 4647 4187 4926 5064 5200 5336 |° 5471 


9690 -6 | 912114 | 9752-2 | 9783-0 | 9813-7 | 9844:3 | 98749 | 9805 '4 | 9935-9 
9996-7 |*0027 -0 |%0057:8 |*0087 -5 ||+0117 7 |%0147:8 |%0177:8 |%0207 *8 |%0237:8 


0445:9 | 04754 | 0604:9 | 0534:3 
0592-9 | 0622-2 | 0651-4 | 0680.6 || 07097 | 0738:7 | 07677 | 0196-7 | 0825-6 
0883-3 | 0912:1 | 0940-9 | 0969 "6 || 0998 '2 | 10268 | 1055:4 | 1083-9 | 11124 


1169-2 | 1197 °6 | 1226:0 | 1254-3 || 1282*5 | 13108 | 13390 | 1367-1 | 18962 
1451 °3 | 1419-8 | 1507 '3 | 15352 || 10630 | 159079 | 161877 | 1646:4 | 1674 '2 
1729:5 | 1157-1 | 11846 | 1812-2 || 1839-6 | 186711 | 1894 5 | 19219 | 19492 


2002:1 | 2031:0 | 2058:1 | 20853 || 2112°4 | 21394 | 216674 | 2193:4 | 22204 
x 2321 °8 | 2354:5 || 2381:3 | 2407 9 | 24346 | 2461:2 | 24877 
2540:8 | 2567 '2 | 2598 '6 | 2620:0 || 2646°3 | 2672°6 | 2698-9 | 2125-1 | 21213 
%855:7 
2 


288117 || 2907:7 | 2933-7 | 2959:6 | 2995-4 | 20112 
31398 || 316574 | 3191 °0 | 3216:5 | 3242-0 | 3:67 4 
83182 | 3343 '5 | 3368:8 | 3394:1 | 341922 | 3444:6 | 34696 | 249477 | 3519'8 


3560 '8 | 3594:8 | 3619:8 | 36417 || 3669-5 | 3694:3 | 371911 | 37439 | 3768 '6 
38190 | 8842-6 | 3867-2 | 3891-7 || 2916 2 | 39407 | 29652 | 3989-6 | 4014:0 
4062 7 | 4897 9 | 4111 | 4135:6 || 4169-8 | 4184:0 | 4208-1 | 42322 | 426673 


86 


283 


55% 


Table of Values of Z, for Ogival-headed Shot. 


POWER OF GUNS. 


4 
feet. 


42164 | 


5 
feet. 
4400 - 
4637 4 
7151 
5101'3 
% 


55615 


feet. 


1 


fect. 
448% 
4 


4511 +4 


5146 -9 
5373 -0 
5595 -8 


81444 
8312-0 
8175 -8 


8636 -1 
8793-0 
8946 -5 


9096 -7 
9243 '9 
9387 '9 


3529 -1 
9667:3 
9802:8 


9935-8 
*0065 "8 
0192 -9 


0314 -5 
0427 '3 
0529 -8 


0623 `6 
0711 -4 
0794 °8 


0374 -6 
0951 -5 
1026 2 


1099:0 
11702 
1240 '3 


1309 1 
1316 °7 
1443 °2 


1503 '6 
1572 9 
163611 


1698-2 
1750 '4 
1819°6 


1878-9 
1937:3 
1994:8 
2051:4 
2107 °3 
21624 


———— 


3162 *0 


4 3207 -2 
5252-3 
8297:2 


4 3342°0 
3356 :5 
7 24309 


4 31151 
25191 
3563 -0 


4 5006-6 
36м *0 
5504 '3 


4 3136 °3 
21192 
582179 


4 28644 
2906 '8 
2949 -0 


4 3990:2 
40327 
401413 


441151 
4157-0 
4198-0 


4 4716°3 
4155-0 
49371 


POWER OF GUNS. 87 


Table of Values of p^ for Ogival-headed Shot. 


feet. feet. feet. feet. 

2184-3 | 2189-7 | 2195-1 | 2200 5:4 
2238-4 | 2243-7 | 2249-1 53 
2291:8 | 2297:1 | 2302:4 | 23016 3 
23445 | 2249-7 | 2355-0 | 2360-2 5-2 
2396-6 | 2401-8 | 24069 | 2412-1 52 
2448-1 | 2453-2 | 2158-3 | 2463-4 81 
2499-0 | 2504:1 | 2509-1 | 25142 5-0 
2549-4 | 2554-4 | 2559 4 | 2564-4 5-6 
2599-2 | 2604-2 | 2609-1 | 2614-1 49 
2648-6 | 2653 '5 | 2658-4 | 2663-3 э 
2697-5 | 2702-4 | 21072 | 211221 49 
2146 -0 | 2750 '8 | 2755-7 | 2760-5 4% 
2794-1 | 2798-9 | 2803-7 | 2808 -5 4:8 
2841:8 | 2846-6 | 2851-3 | 2856-0 47 
2889-1 | 2893-8 | 2898-6 | 2903:3 47 
2936:1 | 2940-8 | 2945-5 | 2950-1 47 
2982-8 | 2987-4 | 2992-1 | 2996-7 4% 
3029-1 | 2033.7 | 3088-4 | 3043-0 4 
3015:2 | 3079°8 | 3084-4 | 3069-0 6 
3121-0 | 3125°6 | 3130-1 | 8124-7 % 
3166 "5 | 3171-0 | 317546 | 3180-1 5 
3211:8 | 32183 | 3220:8 | 3225-3 5 
3256-8 | 2261 '3 | 3265-8 | 3210:3 5 
330117 | 33062 | 3310°6 | 3315-1 5 
3346-4 | 2250-9 | 3355-8 | 3359:8 4% 
3391-0 | 3395-4 | 23999 | 3404-3 44 
5435-8 | 3439-8 | 3444-2 | 3448-6 44 
3119:5 | 34839 | 2488-3 | 3492-7 4 
3623-5 | 2:27:9 | 3532-3 | 3536-7 44 
3567 °3 | 2571-7 еі үлээн 4 
36109 | 2615-3 2019-6 3621 | 3 
3654°3 | 3658-7 | 3663-0 ! 3667 °3 " 43 
3697 '6 | 3101-9 | 3706-1 | 3710°5 |, 3714:8 3 
3740°6 | 3744-9 | 3749-2 | 37535 || 3757-3 à 
3183-5 | 3787-8 | 3792-0 | 37963 || 3800-6 43 
3826.2 | 3830-4 | 3834-7 | 3838-9 || 3843-2 4'3 
3868-7 | 3872-9 | 3877-2 | 3881-4 || 3885-6 42 
3911-0 | 3915-2 | 3919:5 | 3923-7 |; 29279 42 
3963-2 | 3957 4 | 3961-6 | 3965:8 || 3970-0 42 
2995:1 | 3999:3 | 4003:5 | 400171 || 401179 4? 
4036 -9 | 4041*1 | 4045-2 | 4049-4 |! 4053-6 42 
4073 "5 | 4082-6 | 4066-8 | 4090-9 | 4095-1 41 
4119-9 | 4124-0 | 4128-1 | 413222 |; 4136-4 4 
4161-1 | 4165-2 | 4169°3 | 4173-4 | 4177-5 41 
4202-1 | 4206 2 | 4210-3 | «44 | 42185 44 
4243-0 | 4247-1 | 4251:2 | 4255:3 | 4259-3 1 
4283-7 | 4287-8 | 4291-8 | 4295-9 || 4300-0 41 
4324-2 | 4328-3 | 4332-3 | 4336-4 || 43404 40 
4364-6 | 4368-6 | 4372-6 | 4376°6 || 4380-7 о 
44041 | 4105 :8 | 4412-8 | 44168 || 4420-8 4% 
44427 | 4448 7 | 4452-7 | 4456-7 || 4460-7 40 
44846 | 4498-5 | 4492-5 | 44965 || 4500°5 49 
4524-2 | 46282 | 45322 | 453611 || 454011 4:0 
4563-1 | 4567 7 | 4871-6 | 4675-6 || 4519:5 39 
4603-1 | 4607-0 | 4610-9 | 46149 || 4618.8 9 
4642-3 | 46462 | 4650-1 | 4654-0 || 4657 '9 3-9 
4681 °3 | 4645-2 | 4689:1 | 4603-0 || 4696-9 39 
4720-3 | 4124:1 | 4727-9 | 4131 '8 || 4735-7 | 4739 '6 | 473424 | 411472. |41512 || 3-9 
4168-9 | 4762-8 | 4766-7 | 4770°5 || 4774-4 | 4778-2 | 418211 | 4796-0 | 418948 || 3*9 
4797-5 | 4901-4 | 4905:2 | 4909-1 || 4812-9 | 4816-8 | 48206 | 4824-5 | 4828:3 || 8% 


^ 
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4 5170°6 
520111 
5243-3 


4 8219 2 
5314 '9 
5350 -3 


4 53854 
51202 


5141 '2 
581719 
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5074*6 
5111 -7 
5148 -6 


501878 
51154 
5152 :3 


61490 


3 
Table of Values of T s for Ogival-headed Shot. 


6752 0 


> 


332 dus 388 SEE ЖЕҢ ESE ESE ЕРЕ ЕРЕ 


38 338 828 КЕБ 223 


POWER OF GUNS. 89 1 


48 СНАР. ІУ. 
Table of Values of we for Ogival-headed Shot. --- 


| 

0 1 2 3 4 5 6 7 8 9 nif. 
feet. feet. feet. feet. feet. feet. feet. feet. feet. feet. * 
4 6757:8 | 6760°7 | 6763:7 | 6766°7 | 6769 || 6773°6 | 6775/5 | 67784 | 67814 | 67843 2% 
6787 '3 | 6790 °2 | 6198-1 | 6796:1 | 6799 °0 || 6802:0 | 6804'9 | 6907:8 | 6810'8 | 6813:7 29 
6816 '6 | 6819 `6 75 | 6825*4 | 682814 || 6831-8 | 6834: ^ 


4 68459 | 6848-8 | 6851-8 | 6854-7 | 68576 || 6860°5 | 6863: 
6875'1 | 6878 °1 | 6881 0 | 6883-9 | 6886:8 || 6889-7 | 6892: 
6904:3 | 6907 2 | 6910:1 | 6913-0 | 6915'9 || 6918:8 | 692. 


2 

5 

6 

7 5 

4 6933:3 | 6926 2 | 6939-1 | 6942-0 | 6944-9 || 69478 КЕ: 6953°5 | 6956-4 | 6959-8 29 Ë 

1 

0 

4 

5 


6962°2 | 6965-0 | 6967:9 | 6970:8 | 6973-7 || 6976:5 | 6979- 
6990-9 | 6993°7 | 6096-6 | 6999-4 | 7002:3 || 70051 | 7008" 
1036 


4 1019-4 | 1022-2 | 7025°0 | 102199 | 70307 || 7033-65 | 70 
1047:7 | 7050-5 | 7053:3 | 7066-1 | 7058-9 || 7061:7 
7015:8 | 1018:6 | 7081 "4 | 7084-2 | 7087-0 || 70897 | 7092-6 | 7095°3 | 7098-1 | 71009 78 


4 7103°7 | 7106:5 | 7109:2 | 7112-0 | 7114'8 || 7117°6 | 7120:8 | 712311 | 71259 | 71286 28 
113114 | 7134:2 | 7136'9 | 71397 | 71424 || 71452 | 71479 | 716077 | 71584 | 71562 28 
1158:9 | 1161:1 | 7164:4 | 7167-1 | 71699 || 7172:6 | 717544 | 711871 | 7180:8 | 718375 21 


4 1186:3 | 7189:0 | 7191:7 | 7194 4 | 1197:1 | 719999 | 7202-6 | 72063 | 72080 | 721077 21 
1213:4 | 7216-1 | 721838 | 7221:5 | 72242 | 122699 | 72296 | 7232:3 | 72850 | 723777 || 27 
1240 "4 | 7243:1 | 7245-8 | 7248:5 | 7251:2 || 7253'8 | 7256'5 | 7259°2 | 126199 | 7265 27 


4 7267:2 | 7260-9 | 7272:5 | 7275-2 | 7277°9 || 7280°6 | 7283:2 | 72859 | 7288'5 | 72912 21 
7293 -8 | 7296'5 | 1299"1 | 7301:8 | 7304-4 || 7307°1 | 7309°7 | 7312:3 | 73150 | 78176 26 
128202 | 7822°9 | 7325-5 | 1828-1 | 7330:8 | 73334 | 733670 | 7338'6 | 7341'2 | 72439 %6 


4 7346:5 | 7349°1 | 7351-7 | 7354-3 | 72569 || 7359:5 | 7362'1 | 73647 | 7367'3 | 73699 26 
1372:5 | 1375:1 | 131171 | 7380:3 | 7382-9 || 7385°5 | 73881 | 72907 | 7393:3 | 7395°8 26 
7398 -4 | 7401 "0 | 7403-6 | 7406:2 | 7408°7 || 1411-3 | 741279 | 74164 | 74190 | 7421°6 26 


4 142411 | 7428-7 | 7429 '3 | 748118 | 1434 4 || 7436-9 | 7439°5 | 74429 | 74446 | 74471 26 


Ё 


4 е» 119018 | 7793-1 | 7795 °4 | 77977 || 7800-0 | 7802:3 | 78046 | 7806:9 | 78092 || 23 


—— ——— — 


the bore. 


Crusher- 
gauge. 
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Pressure. 


Several methods have been devised for measuring the pressure of 
powder-gas іп the bore of a gun, but one system only is now followed 
at the Proof Butts. The instrament employed is a “ crusher-gauge,’ 
and the principle lies in permitting the gas to compress a small solid 
cylinder of copper, and af s comparing the degree of сат- 
pression with a table of measurements previously determined by 
mechanical means. 

The crusher-gauge muy have any convenient external form, but the 
arrangement for containing the copper is in all cases alike. Рог guns 
which have been devoted to experimental work or to the regular proof 
of gunpowder, steel bushes are made to be screwed into parts of the 
gun, which contain а crusher-gauge at the point. А drawing is given 
to illustrate this kind cf plug, but it shows only the end, for its length 
will depend on the thickness of metal; and a square head must be 
given to the top for screwing it in and oat of the gun. 


. The copper. 

. The — 

. The piston. 

. The gus-check. 
The watch-spring. 
Air channels. 

The nozzle. 


Hango 


THE CRUSHER-GAUGE. 


The plug consists of a steel body partially provided with a screw- 
thread of the same dimensions as a copper vent-bush, and having a 
removable end called the “nozzle,” which is pierced with a hole of 
definite sectional area (generally onc-sixth of a square inch), and in this is 
fitted a piston. By removing the nozzle a chamber is disclosed into 
which the copper cylinder can be inserted, and there it must be held 
lightly (but not prevented from expanding) by a small piece of watoh- 
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spring, which should keep it in the centre of the plug: one end rests 
against the bottom of the chamber or anvil, while the piston must be 
wet in contact with the other. A small gas-check of brass is inserted 
in the nozzle after the plug has been got ready for use, to prevent any 
gas from penetrating into the gauge; air channels are provided at 
the upper end of the chamber leading into а vent, to prevent any ге- 
action from compressed air which might counteract some pressure of 
the gas. The plug should be screwed into position with the nozzle 
exactly level with the surface of the inside of the gun. Оп firing, the 
pressure of the gas, acting upon the end of the piston, crushes up or 
compresses the copper; and the pressure corresponding to any mea- 
sured reduction of length is ascertained from a table originally compiled 
from the compression of similar coppers in a statical testing machine. 

This table has been calculated to give the result in tons of pressure 
per square inch of surface, when а piston jth of а square inch in 
section is used, with a half-inch cylinder of copper ү of an inch in 
Bectional area. (See next page.) 

As copper cannot always be produced of exactly the same character 
and hardness, a limit of 5 per cent. is allowed for deviation from a fixed 
standard. Before use the half-inch cylinders are generally pressed 
in a machine under a definite force, say 6, 9, 12, or 15 tons per square 
inch, and the length or variation per cent. is recorded; then if а certain 
pressure were — а copper compressed nearly to that extent 
should be used. By this plan a more accurate amount of compression 
will be obtained, and a correction can be made for the known deviation 
from a standard quality of copper which corresponds with the table. 

For example: a copper pressed in the machine to 12 tons per square 
inch is found to show a diminution in length or compression of “111 
instead of "107 as given in the table. The copper in this case is too 
“soft,” and the degree of softness is about 3 per cent.; therefore 3 per 
cent. will have to be deducted from the pressure given іп the table when 
the copper is further compressed after being used in a gun. Suppose 
this copper on being taken for an experiment to be crushed to the 
extent of “142; by the table this is equivalent to a pressure of 14:9 tons. 
Deducting 3 per cent. the real pressure becomes 14*5. 

When the coppers are hard, a similar correction has to be made by 
addition instead of subtraction. 

If holes cannot be pierced in the gun for the reception of plugs, the 
crusher-gauge may be adapted for use in the cartridge. It is then 
contained in a short cylinder of steel, which is built into one end of 
the cartridge, so that when the latter is placed iu the gun, the butt of 
the gauge should rest against the eud of the bore. When prismatic 
powder is used, the gauge should be hexagonal in form, so as to take 
the place of one or two prisms which must be removed from ihe 
cartridge. 

Gauges also have been fixed on a disc or annulus of copper to fit the 
end of the bore or curve of an obturating cup; but this arrangement 
has been given up as unnecessary. 

А gauge can also be set іп the base of the projectile if prepared to 
receive it; the plug must then be screwed in the reverse way, so that 
the nozzle may be flush with the base of the shot. 

When very heavy pressures are expected, a gauge with a smaller 
piston can be substituted for the one of ordinary size. These are made 
of just half the usual area, viz, „th of a square inch in section, so 
that the same table of compressions may be used by simply doubling 
the pressures ascertained in the ordinary way. For very low pressures 
softer cylinders of lead are more suitable, but these require a different 

4able of compressions. 
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соррега. 


Hard and 
soft coppers. 


Crushers in 
the cartridge. 


Crushers in 
the base of 
the shot. 


Small pistons. 
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OHAP. 17. TABLE VIII. 


TABLE giving the compression of copper — 0-5 inch long and 
0:326 inch in diameter (1% of а square inch sectional area), and corres- 


ponding pressures per square inch in а crusher gauge, the piston of 
which is 0-461 inch in diameter (3 of a square inch sectional area). 


inches. tons. inches. tons inches. tons. inches. tons 

*000 0:0 *100 11:0 . 18:8 "800 32:6 
"002 1.6 "102 11:1 "202 19:0 "302 82:9 
"004 2:2 "104 11:8 "204 19:2 "804 83:4 
"006 2:7 "106 11:4 "206 19-8 "806 33:9 
"008 8:0 "108 11:5 "208 19:5 "308 84:4 
*010 8:2 "10 11:7 "210 19:7 "810 84:9 
"012 8-5 112 11:9 "212 19:8 "81% 85:4 
"014 3-7 3114 12:0 "214 20:0 "814 35:9 
*016 4.0 "116 12:2 "216 20:2 "816 86:4 
*018 4:2 3118 12:8 "218 20:4 "818 36 :9 
"020 4:4 120 12.5 '220 20:6 "820 87:4 
*022 4:6 "122 12.6 :222 20:8 "828 37:9 
*024 4:8 124 12:7 "294 20:9 :824 88:5 
*026 5:0 126 12:9 226 211 "326 89:1 
*028 5-1 128 181 228 21:8 "828 39.7 
“080 5:8 180 13:2 930 21:5 *880 40:2 
*032 5.5 182 18:3 982 21:7 "832 407 
“084 5.6 134 18'5 234 21:9 "384 41:8 
*036 5:8 136 13:6 236 22:2 "836 41:9 
"038 5:9 188 18:8 238 22:4 *838 42:8 
"040 6:1 140 14:0 240 22 -6 840 42:9 
*042 6:8 142 141 242 22:9 "842 48:5 
"044 6:4 144 14°3 244 23:2 *844 4411 
"046 6.6 146 14-4 246 28:4 "846 44:8 
“048 6:8 148 14:6 *248 28:6 "848 46:6 
*050 6:9 150 147 250 28:9 "350 461 
*052 71 152 14:9 252 24:2 

-054 7:3 154 15:0 254 94-5 

"056 7:5 156 15:2 256 24:7 

058 7% 158 15:3 258 25:0 

"060 7:8 "160 15:5 260 25:8 

"062 8:0 *162 15:7 “269 25.6 

"064 8:1 *164 15:9 "264 25:9 

*066 8:8 166 16:0 "266 26:2 

"068 8:4 168 16:1 `268 26:5 

"070 8:6 170 16:8 "270 26:8 

"072 8:7 "172 16:6 :272 271 

*074 8:9 174 16:6 “274 27:4 

*076 9-1 176 16:8 :276 27:8 

*078 9:2 178 17:0 :278 28:1 

“080 9:4 180 17°1 :280 28-5 | 

"082 9.6 182 17:8 *282 28:8 

"084 97 184 17:5 *284 29:2 | 

*086 9.9 186 17:6 “286 29:6 

“088 10:0 188 17'8 "288 80:0 

*090 10:2 *190 18:0 :290 80:4 

092 10:8 *193 18:2 "292 80-8 

"094 10:5 *194 18:8 "294 81:2 

“096 10:6 196 18.5 296 81:6 

*098 10:8 *198 18:7 "298 82-0 
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CHAP. IV. 


PENETRATION OF ARMOUR. 


We must now turn our attention from the work done on the gun to Penetration. 
the work stored пр in the projectile, which is а measure of its destruc- 
tive effect, and, dede a convenient standard for comparing the 
relative power of guns. 
“ Work " or energy is expressed in the case of a body in motion by Work. 
the formula, 


10 
сан L 


and the unit of measurement commonly taken is а “ foot-ton.” This 
kind of energy depends only upon the weight of the projectile and 
the velocity with which it is moving. The maximum energy will 
evidently be found at the muzzle, where velocity has a maximum 
value; and muzzle energy is often a convenient form of estimating 
the power of а gun. Penetration, however, depends upon the dimen- 
sions as well as the momentum of a shot, so two kinds of power 
exist which are measured respectively by energy in the shot at the 
muzzle and perforation of plate at a distance. 

The question of guns v. armour has been under discussion for at Guns v. 
least twenty years, but no permanent formula for penetration can be laid armour. 
down because the amount will vary with so many conditions. Тһе 
extent, in the first place, can only be ascertained by experiment, and 
although many seriea of experiments have been carried out, these were 
necessarily limited to а few natures of guns. Тһе data so obtained 
have been used for establishing several formulse, some of which will be 
explained in due course; but the dimensions of the ojectiles are liable 
to change, and the quality of the armour has greatly improved, so it is 
impossible to bring perforation under one law, particularly when the 
velocities have & very wide ran 

Captain Andrew Noble (formerly R.A.) was one of the first to draw Noble's 
out а formula for penetration; he assumed that if a projectile could just formula. 
perforate а certain thickness of plate, the work or energy stored up in 
the shot just before striking was equivalent to a shearing force, the 
intensity of which would depend on the extent of the cylindrical surface 
of the hole Төкей through the plate, multiplied by some co-efficient 
which would vary with the circumstances of the experiment. It was 
discovered, however, that the resistance increased — 
with the square of the thickness, во the formula was first written 
thus :— 


== ae х Г, 


where w = weight of the projectile in tons. 
v = striking velocity in feet per second. 
d = diameter of the projectile in inches. 
t = thickness of plate in inches. 
k = the co-efficient obtained by experiment. 


The assumption of the second power of ¢ was no doubt empirical, 
and this had to be afterwards changed; but a formula of this kind 
seemed to be warranted by practice, and the value of £ was determined 
accordingly. 
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Since the resistance to shearing would clearly depend on the 
perimeter of the hole, Captain Noble aoptel the ‘energy per inch 
of circumference” (e) as а more convenient method of connecting 
perforation with the force stored up in the projectile: thus 


pmo да ши 
ас Saale m 
His formula, therefore, was of the form t = (be)*, where $ and с are 
constants —— оп the nature of the projectile and the material 
of the plates; with ogival-headed chilled shot against wrought-iron 
plates these constants were at first given by the equation 


= [е т ге 218 605 
r= {5%} or e = 8:18 05. 


А modification of this formula was prepared from the results of 
further experience by Major W. H. Noble, R.A., in which the constants 
were slightly changed, viz. : 


-1ай Tate — 9.59 114 
t= [53] or e= 2:52 t 


and this formula was generally used for the purpose of calculation for 


several years. 


Іп 1878-80 further trials were made at Shoeburyness with guns of 


2, 6, В, and 9-inch calibre, of more modern type with velocities 
ranging both higher and lower than those previously given. These 
guns were fired against wrought-iron plates representing ship’s armour 
which: were sometimes solid and sometimes built up with several thick- 


nesses of iron and backing. It was found that solid iron was superior 
to any system of plate; and comparing the results on solid iron with 


: | — 
the ealenlated perforation, according to the formula t = 253 
E 


¿= „ it appeared that Noble’s formula underrated the power of 


473977? 


and 


the smaller guns, while it overrated the larger natures when fired for 
velocities higher than 1,600 f.s. 


A modification of the Noble formula was shortly afterwards 
published in the Engineer of the 5th November, 1880. А distinction 
was еп made for the perforation of thin and thick plates, and the two 
formule were accordingly written as follows :— 


e = 2:41 (17945 for plates between 4 and 10 inches. 
e = 0:86 {#055 for plates between 10 and 20 inches. 


Colonel Maitland about the same time had noticed that the amount of 
perforation, with projectiles of constant dimensions, was an indication 
of the striking velocity ; and also that perforation could be expressed in 
terms of calibre by means of some function of this velocity. This law 
for perforation would be expressed as an equation by t = kd, where Ё is 
а funetion of the remaining velocity, to be qualified for any deviation 
from a standard description of projectile. 
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The value of was determined from the results of the most recent 
experiments, and it was found necessary to give it a different value for 
high and low striking velocities, the line being drawn at 700 f.s. when 


the value of РА in the shot was equal to 87. Under these circumstances 
k = "0008 v when v is less than 700 f.s. 
k = *001 v — 14 when v is more than 700 isl 
The varying proportions of shell, however, render it necessary to 
introduce into any formula for perforation the ratio of ж when dealing 
with a function of the striking velocity.* The expression for energy 


(Z=) shows that momentum will vary directly with weight, but 


perforation will evidently depend inversely on the size of the hole that is 
гач Diameter is the most convenient standard of measurement 

use it connects the calibre of gun with the size of the hole in the 
plate, and the third power must clearly be taken when dealing with 
cubic content. 


So to give & a general value we must qualify the foregoing expressions 


2 - 
where v occurs by the introduction of = ог m — * % ; 


the square root being extracted for association with the first power 
of velocity. 


The formula where the striking velocity exceeds 700 f.s. therefore 


Ines:— хоо 
— w 
$ = авли ®- — ‘14d 


which is that now practically employed, and is officially kuown as 
“ Maitland’s Formula of 1880." 


t is the thickness of wrought-iron in inches, perforated by a service 
projectile of diameter 4 inches, weight w pounds, and striking velocity 
v foot-seconds. 

Colonel Maitland also proposed a graphic method of calculating the 
remaining velocity (v) at any range for any initial velocity (V) by the 
use of а diagram and scale. The same diagram will then show the 
value to be given to & for any projectile in which the weight and 


dimensions are represented by the expression 2 and hence perforation 


* The effect of varying the te ы of a shot of given diameter may be illustrated 
by calculating the range over which a certain minimum velocity can be maintained. 
As an instance we may take the 6-inch B.L, guns, which firo projectiles of 80 and 


100 Ib. weight. The values of 3 are here "98 and "47: then assuming а M.V. in 


each case of 1,900 f.s., в minimum velocity of 1,500 f.s. would be maintained over 
а range of 1,220 yards in the case of the 80-pr. gun, and of 1,545 yards іп the case 
of the 6-inch Mark III. 

Besides increase of range in favour of the heavier peels, the orations 
of wrought-iron plate with the same striking velocity would be 6:3 and 81 inches 
respectively ; or at ап equal range of 1,000 yards, and equal muzzlo-velocity, about 
8$ inches with the 80-1Ь. shot, and 104 with the 100-1Ь. projectile. 
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Ww. 9.6862 
ig 9.1262 
2+. 9.5982 
I*. 9.9812 
v 144 
бе. 1.6795 
8%. 8.1892 
1%. 6.8195 
9%. 6.9" 
%. 0-8185 
я. 0.0185 
єє. 1-2922 
2%. 23112 
Те. 2-9012 
t. 2-8803 
с. 8.0161 
82. *-2061 
15. КМ 
92. 8.991 
$. 9-8691 
уг. 9.0291 
52. 1.2991 
22. 14691 
та. 83-9571 
2. 98.8921 
et 
Ги 
А 


„90. = Pepu 

и 9t gI м ч 9.21 
6.812 | 0.2811 | 841991 | 6.1611 | 7.296 | Т./98 
%-0602 | 81911 | 6-ҒЕРІ | 8-9911 | 2.106 | 8.128 
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. сап be readily found. The values of = and 3 must be ascertained in CHAP. rv. 


each particular case, but tables have been prepared to save the trouble of 
this calculation. Ву а similar mode of procedure the * Time of Flight" 
can also be found by means of the same diagram, using the reverse 
side of the scale. | 

The mode of using the diagram can best be explained by working 
Жа example. РЕН | су 

u that it is required to the remaining velocity (у), the time Example. 

of fight (0, and the perforation o for the 12-inch B.L. gun at 2,000 — 
yards when the М.У. is taken at 2,000 f.s. 
(1) For remaining velocity. Since retardation depends upon the Forremaining 


ratio of = we must, first ascertain the value of this expression ; 2 эю. 


=Z = 020. Now set the straight-edge or string, which should be 
pivoted at the intersection of the “zero” and “muzzle” lines on the 
left, to this value on the scale for ©. Take the ruler, and using the 


; w 
velocity side apply 2,000 f.s. to the “muzzle line" at the point on the 
scale representing 2,000 yards range; then adjusting it to the parallel 
lines on the sheet read off at the intersection of the straight-edge with 
the velocity scale on the ruler, the tabular value to be given to v:— 
v — 1695. . 

(2) For time of flight. Reverse the ruler and apply 1685 on the For time of 
* Time" scale to the sinight odgo in the same position as before, fight. 
moving the ruler up and down parallel to itself until the initial velocity 
2,000 f.s. coincide with ће'“ muzzle-line.” Then read off on that level 
the time of flight from the centre column of seconds : 


t = 9:25 seconds. 
(8) For perforation. Тһе value of пр (which may be found in the For perfora- 
table) is 0-41 in this case. Бы 
Set the straight-edge to this quantity on the scale for: then 


ng the eye from 1695 on the scale of striking velocities for 
oratiog along that line to the point where it cuts the straight-edge, 
and thence at right angles to the top of the diagram, a value of & will 
be found which will give the perforation in inches per inch of diameter 
of the shot. In this example # = 1-64; во 
p = 1:64 x 12 = 19:68 inches. 

Colonel Inglis, R.E., who has devoted much time to this subject, Col. Inglis's 
maintains that for each proportion of diameter of shot to thickness of theory. 
plate (whatever their dimensions may be) a uniform amount of energy 
per unit of volume displaced is required to effect complete perforation, 
provided that the material and form of the projectile are always the 
same. Thus a 6-inch shot will have to exert as much energy in 
removing each cubic inch of iron when perforating а 6-inch plate as а 
12-inch shot in perforating a 12-inch plate. He has also prepared a 
few diagrams which show the degree of perforation for certain 
guns, but these diagrams only hold good under fixed conditions of 
charge. 

Captain Orde Browne, late R.A., and now Lecturer at the R.A. Captain Orde ` 
Institution at Woolwich on Armour-plate, has Ба рэа» а short rule Browne's rule 
of thumb, which, if not accurate, may at any rate be found useful for 94 thumb. 
calculating the chances of penetration before going- into action. His 
rule is this :—“ that a service projectile, for every 1,000 f.s, of Ww ecd 

H 
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velocity, or proportion above or below this amount, will nearly perforate 
a thickness of plate given by the calibre of gun.” 

For instance, а 12-inch shot with 1,000 f.s. striking velocity will 
almost perforate a plate 12 inches thick ; with 1,500 f.s. velocity it will 
almost go through 18; and with 2,000 f.s. almost 24. 

Putting this rule into the form of an equation, t= 1000 4; but 
here ап assumption is made that the projectiles are of uniform 


character, in other words that 5 is constant, otherwise some coefficient 
would have to be introduced into the formula. 

This rule of thumb is very nearly correct when 7, has a value оҒ“ 1; 
in service projectiles the value of this ratio is rather uncertain, aud in 
muzzle-loading guns will often fall below thie amount; but the rule is 
simple and fairly correct, and may be easily committed to memory. A 
table of remaining velocities for service guns is given below, from which 
it may be observed that the retardation for the same velocities varies 


from about 10 to 28 f.s. for each 100 yards range, inversely with the 
size of the gun. „ 


TABLE X. 


TABLE of Remaining Velocities in Projectiles fired with Full 
Charges. 


Nature of Gun. у. | At500 | At 1,000 | At 1,500 | At 2,000 


R.M.L. Gums. 
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We have now considered several methods of estimating power іп 
& gun, such as total energy in the projectile, the energy per inch of 
circumference, and perforation of wrought-iron plate; we have also 
shown ‘that this power will depend on the velocity, weight and dimen- 
sions of the shot; but for comparison of different pieces of ordnance 
and for contrasting our with those of other nations abroad, it 
will be convenient to go a step further, and estimate the proportiun of 
power for each unit of weight in the gun. This comparison can be 
made most conveniently in the degree of energy imparted to the shot 
at the muzzle; foot-tons being the units of energy, and tons the units 
of weight in the gun. The calculation is simple, and a table has been 
drawn out below to show at a glance the relative merits by this par- 
ticular standard of some of the guns in different countries of Europe. 
This method of comparison, however, may not always be quite 
satisfactory, for the factors of safety must of course be equally 
good it has sometimes been a guide to manufacturers, but excessive 

velopment of power in pieces of mimimum weight must be followed 
by excessive recoil. The method of тэрэнд then becomes a most 
serious question, and carriages are racked by the means taken to check 
the recoil. Under these circumstances it may often be better to give 
additional weight to the , especially when mounted in permanent 
works: such weight would not only assist in bringing the recoil under 
control, but it would give greater strength to the gun. 
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TABLE XI. 


TaBLE for Comparison of Power in British and Foreign Guns, per 
ton weight of gun, &c. 


Perforation of 
. Charge. Energy > the | ‘wrought-iron m 
Welght, * armour-plate. 
Gun. tone. М.Ү. 
At |А%1,000 
Powder.| Projectile. Total. | Per ton. mussle. yards, 
French .. 34 cm. | 518| .. =. [nee| .. ma 29-1 |2570 
German... 35 c.m. 52 253% 1,157 1,644 | 21,691 | 417°1 | 23 21 
British ... 12 in. 45 295 714 1,892 | 17,723 | 422! 217 |204% 
French ... 42 c.m. 17544 | 6173 1,726 1,738 | 36,628 | 4858 | 27 % (? 
German... 40 сла. 70:8 | 451 1,708 1,161 | 36,739 | 518'9 | 28:1 |262 
Italian ... 40 c.m. 72 451 1,631 1,985 | 44,577 | 619"1 | 29:3 |279 
British ... 134 in. 67 520 1,250 1,960 | 33,310 | 504'7| 29-1 |27:39 
Italian ... 43 c.m. 113 2,006 „832 | 46,600 | 460 30:3 | 285 Elswick 
British ... 16415. 900 1,800 |2,020 | 50,924 | 463 325 | 30°5* | guns 
% Estimated. 


THEORETICAL DETERMINATION ОР MuzzrE Үкі/001тт, &c. 


The following method for estimating the ballistic powers of a gun 
of new design is taken from the memoir “ Researches on Explosives,” 
by Capt. Noble (late R.A.) and Sir F. Abel, published in the Proceedings 
of the Royal Society in 1879. | 

A table (given below) was calculated from the data furnished Бу а 
laborious series of experiments. It sets forth the energy derivable 
from the explosion of gunpowder, in terms of the number of ен. ERY 
of the charge; and from this table the muzzle energy can be deduced, 
and thence—knowing the weight of projectile—the muzzle velocity. 
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=з Стутхе the total work that dry gunpowder of the Waltham Abbey 
standard is capable of performing in the bore of the gun. 


The unit of specific volume is 27:73 c.i. per lb. 


1:00 — — 2:30 55-439 1:135 
1:01 о "980 2°35 51:539 1:100 
1:02 1:936 *956 2:40 58 -006 1:06 
1:03 2870 2% 2:4 60 639 1:034 
1-04 2:782 *912 2-50 90:642 1-003 
1:05 4-674 “892 2:55 61:616 *974 
1*06 5-4! 2813 2-00 02:563 "947 
1:07 6-399 “85% 2-65 63:496 "923 
1:08 724 "835 2:70 64385 *899 
1:09 8-061 “817 2:75 65-261 “817 
1:10 8-862 *810 2-80 66:119 "857 
1:11 9°637 785 2:86 68:955 “8% 
1:12 10-406 “169 2%0 67:771 “816 
1:13 11,160 *154 2:95 68-568 191 
1:14 117899 “739 3:00 69 341 "119 
1:15 12:625 *726 3:06 70-109 “162 
1:16 13:338 *713 3:10 *854 *745 
1:17 14-638 9 3:15 71-586 “731 
1:18 14°725 3:20 72:301 *116 
1:19 15 400 “675 3:25 73-002 *701 
1:20 16-063 * 3:30 73-090 
1:21 16:716 *653 3:35 74-365 "671 
1:22 17:359 *643 3:40 76-027 “662 
1:23 17-992 “833 35 11-671 “600 
1:24 1844 “622 3°50 76:315 *638 
1:25 19:228 “612 3:55 76-940 *625 
1:26 19:828 "602 3-60 11:663 *613 
1:27 20:420 *692 3-65 78-156 -608 
1:24 %1:001 “581 3-70 18:749 “593 
1:29 21:572 “511 3-75 79:332 *583 
1:30 22:133 *561 3:80 19-906 "573 
1:32 23:246 1*113 3°85 80 *469 “564 
1-34 24°324 1'078 3:90 81 -024 *555 
1:36 25:371 1:047 3:95 81-570 *546 
1-33 26-389 1:018 4°00 82:107 "537 
1:40 21:380 *991 4°10 83-151 17050 
1'42 28-348 "968 4°20 84 -176 1:019 
1:44 29-291 “943 4°30 85-166 "990 
1:46 30-211 4:40 86:128 *962 
1:48 31-109 “896 4°50 817-064 *936 
1:50 31-986 2811 4°60 87 “975 “911 
1:52 32:843 *857 4°70 88 -861 896 
1:54 33-081 4:80 89 724 "863 
1:56 34:500 "819 4:90 90-565 “841 
1:58 3857301 7901 500 91 *385 “820 
1:60 36-086 “785 8:10 92:186 *801 
1:62 36-865 “163 5:20 92:968 *782 
1:64 317008 ` +153 5:30 93:732 “764 
1:66 38:346 7238 5:40 94:479 “747 
1:63 29 "069 2123 5:50 96210 “781 
1:70 39-778 +109 5-00 95-925 7115 
1:72 40-414 "696 5°70 96 "625 "700 
1774 41:166 *682 5:80 97:310 *685 
1416 41:821 "671. 5-90 97981 "671 
1:78 42 ·486 *659 6:00 98 “657 
1:80 43:133 *647 6:10 99:282 "64 
1-82 481169 <м 6°20 99-915 *633 
1:84 447394 625 6°30 100:536 621 
1:86 45:009 *615 6*40 101 *145 *609 
1:88 45:614 *605 6°50 1017744 "599 
1'90 “596 6°60 102-333 *599 
1:92 46:795 "596 6710 102912 *579 
1:94 47-372 *517 6:90 103 480 69 
1:96 41 940 568 6:90. 104-088 *b68 
1:98 48-499 559 7°00 104:586 648 
2°00 49-060 "$61 7°10 106:126 *539 
2:06 49:383 1333 20 106 "656 "520 
210 bi 673 1:290 *30 106*176 *521 
2:15 82-922 1:248 170 106-688 ыз 
2:20 54-133 1:30 1-50 107 -193 “им 
3:25 85-304 14171 17:00 107 688 "496 


. 7°70 108 177 489 9-80 147-895 "366 
1790 "650 “482 10: 117-7657 *362 
1:90 109 -133 474 п: 121 +165 3'408 

-8-00 "600 467 12: 124-239 3-074 
8:10 110060 “460 18: 127 "036 2°797 
8-20 110°514 *454 14* 129 2:566 
8-30 110-962 “48 15° 131 -970 2-308 
8°40 11404 442 16: 134-168 2:198 
8:50 111 "840 "436 11: 136 °218 2-050 
8°60 112 "270 5430 18: 138 -138 1:920 
8:70 112-695 “425 19: 139 944 1:806 
8:90 113-114 “19 20: 14146641 1:703 
8:90 118:528 “414 21% 143258 15811 
9°00 118:937 “409 22° 144°788 1:530 
9:10 114-341 404 23° 146 242 1:454 
920 114-139 “398 24. 147 -629 1:387 
930 115.183 м 25. 148 953 1:324 
9°40 116:521 "388 20: 154.800 5:847 
9°50 115905 . '284 35° 159 -667 4°867 
9-50 116 °284 "379 40° 163:828 42161 
9-70 116 “659 “815 45* 167-456 3:628 
9:80 117-029 “210 56 170°671 3:215 


The data necessary for the calculation are— 
The rem of the charge (in lbs.) = P. 


The total volume of bore (in cb. in.) — B. 
Тһе" volume of powder chamber (cb. ір.) = С. 
The weight of projectile (Ibe.) = W. 

and the process is as follows :— 

The volume of generated at a density of unity is first obtsined 
by multiplying Р Бу 2778, ùe., the number of cb. in. occupied by 1 Ib. 
of water at standard temperature, &c. Then the number of expansions 
in the chamber and bore are obtained by dividing C and B respectivel 
by this product. Reference to the table shows the amount of wor 
due to each of these expansions. The work done by the expansion in 
the chamber із considerad lost as regards the projectile, and conse- 
quently this must for the purpose in hand be deducted from the work 
realisable from the total number of expansions in the bore—in other 
words, the tabular value of — must be deducted from that of 


— Of course if С =Рх 27:78, and the density of the charge 
is unity (as explained at p. 236), no deduction will have to be made. 
Take, for example, the 8-inch B.L. gun, Mark III— 


Here P = 100, В = 11887, С = 3050, 


and B ше 1:1. 
P x 27:78 
Тһе tabular value of this is 8:852. 
The total expansion is— 
11837 — 4:97 
100 x 2773 . j 
the tabular value of which is 84:869. 
Subiracting, we get an energy of 84:869 — 8:852 = 76:02 foot-tons 
per lb. of powder, or a total of 7602. 


Example of 
calculating 
M.E. 


The energy thus calculated represents the total theoretic energy Percentage 
derivable from the powder under the conditions given, and of course obtained as 
only a portion of it can be communicated to the projectile so as to М.У. 


appear in the form of muzzle velocity. The amount stored up in the 
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projectile in this form is ascertained when the gun is fired and the 
proportion of this to the total amount as calculated (usually expressed 
ав а percentage) is termed the “ factor of effect.” 

To ascertain the actual factor of any gun (whose muzzle velocity is 
known) we have to employ the formula connecting energy and velocity, 


viz.:— 
wx У: 
— — 
29 
having regard to the units employed. 
For instance, for the factor of the gun above quoted the М.Е. 
obtained (in foot-tons) is— 
210 x 1960 
64-4 x 2240 


Comparing this with the total calculated, viz., 7602, we obtain a 
factor of 


E= 


= 5594 foot-tons. 


75525 == '7858, ог 73°58 per cent. 


If the above method gave a perfectly accurate estimate of the 
energy derivable from the powder under the conditions named (or even 
of a definite proportion of the energy), of course the factors of effect 
would form an accurate estimate of the relative mechanical efficiency 
of different guns as working machines. But unfortunately the correc- 
tion introduced for variations in density of the charge does not (as 
pointed out by the authors) effect more than an approximation, and 
consequently the factor fluctuates unduly from causes outside the gun 
as a machine. 

Before, however, the ballistics of a new gun can be predicted by this 
method a suitable factor must be assigned, and with the чанд унэн 
now gained by — experience, this is not difficult. Ceteris 
paribus it is found to vary with the calibre (а law оһвегуей by the 
authors іп R.MLL. guns), but it also varies with the nature of the 
powder employed, tho air spacing of the charge, the ratio of capacity 
of chamber to bore, and other minor conditions. 

Table XIV shows the factors as ascertained for the B.L. guns 
already fired. The M.V.’s gyan are those laid down as likely to be 
obtained under service conditions from practice carried out at Shoe- 
buryness and elsewhere. 

Of course the above method can be (and is) employed conversely to 
determine the internal dimensions of 8 gun necessary to produce any 
desired result; certain couditions, such as calibre, weight of shot, and 
muzzle velocity, being generally laid down with reference to the effect 
to be produced on the range. : 
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POWER OF GUNS, 


TABLE ХУ. 


For converting the densities of charges of powder-expressed in cubic 

inches per lb. into gravimetric densities, assuming that 1 lb. of 
wder having a gravimetric density of 1-0 occupies a space of 
"78 cubic inches, the space occupied by 1 Ib. of water. 


27:78 = 1:00. 


% 


22 
23 
24 
85 
26 
97 
28 
29 
80 
81 
92 
33 


BESSeESSRE 


RESESSEE 


1:255 
1:200 
1:151 
1.105 
1:062 
1'028 

:987 

"953 


0:4 


0:5 


1:249 11:248 |1'238 |1:232 |1:227 


1:195 
1:146 
1:100 
1:058 
1:019 

“983 


1:190 
1:141 
1:096 
:054 
1:016 
'980 
'946 


1:185 
1:136 
1:092 
1:050 
1:012 

:976 


1:180 
1:183 
1:087 
1:046 
1:008 


3 


é & Š ë š š 


3 
g 


š š 


1:175 
1:127 
1'083 
1 '042 
1:005 


ов | от | оз | оэ 


1:222 11:216 
1:170 |1:165 
1'123 |1:118 
1:079 |1:075 
1:039 |1 -035 
1:001 | “997 
966 | “963 
934 | “930 
"903 | -900 
875 | “872 
"848 | “845 
823 | :820 
799 | -797 
777 | "775 
7756 | “753 
785 | 734 
"716 | “715 
"698 | “697 
"681 | “680 
665 | "663 
649 | 4648 
"634 | “633 
"620 | “619 
"607 | “605 
7504 | “599 
7581 | '580 
"569 | “568 
"558 | 557 
'547 | “546 
536 | -535 
526 | -525 
"516 | “515 
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PART II. 


CHAPTER I. 


SMOOTH-BORE ORDNANCE. 


Smooth-bore ordnance replaced by rifled guns.—Bronze and cast-iron gans.—Manu- 
facture by casting.—List of pieces retained in the service.—8.B. wrought-iron 
guns.—Classes of ordnance.—Guns.—Shell guns.—Carronades.—Howitzers.— 
Mortars.—L.8S. and 8.8.—Designation.—Length.—Nominal weight.—Preponder- 
ance.— Windage.—Natures of cast-iron ordnance.— Bronze ordnance.— Inspection, 
proof, and marking.— У enting.— Iron and copper bushes.— Cone and through bush, 
—Vent channel.— Lines on В.В. guns.— Line of metal.—Millar's sights.— Conditions 
for adjustment.—Radius distance.— Clearance angle.— Wood tangent scales.—Sets 
of hexagonal scales for 8.8.—8Sights for bronze ordnance.— Wood side scales.— 
Btores.— Table of В.В. ordnance and charges. 


Ѕмоотн-вовк ordnance have now been almost entirely replaced by 
rifled guns in our navy and in the forts of this country; but many 
pieces may be found in the armaments abroad, and some are still 
retained for service at home, so it is necessary for artillerymen to be 
more or leas acquainted with this description of ordnance. For some 
particular objects and in certain positions S.B. pieces may be un- 
doubtedly useful; for instance, mortars are retained for high-angle 
fire; and S.B. guns are now being converted into breech-loaders for 
.the defence of flanks in permanent works, and to cover short avenues of 
approach at close quarters. 

here are two distinct kinds of S.B. pieces which are classified in 
the first instance by the material of which they are. made, viz., 
bronze and cast iron. All were manufactured in а similar manner; 
they were cast roughly and solid in vertical moulds, breech down- 
wards, with a “ dead-head" of great length at the muzzle, which was 
afterwards cut off to ensure the metal being sound in the whole of the 
gun: the piece was then bored out to calibre. 

The variety of these pieces at one time was exceedingly great, but 
in 1865 two lista were made out, А and B, which prepared the way for 
reduction of number, and limited the natures to be eventually retained 
in the service (see $ 1140). List A is republished on the following 
page; it is а table of S.B. pieces which are still to be considered 
available for use.. List B was almost equally long, and comprised all 


В.В. ordnance 
still retained 
in the service. 


Bronze and 
cast iron. 


List of pieces. 


к. 
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CHAP. I. i TABLE XVI. 
(List А.) - 


Тлвіл showing the Weight, Length, Calibre, Radius for Sighting, &c., of the 
Casr-1RoN and Bronze ORDNANCE, Which are still erame in the Service. 


Ft. In. қ 
90 t| Millar, 1834. taw dallo ball лугу: . 
S-in. 1,8. & 8.8.... 810 5 ! Millar, 1831 5 ' 
= Ч ЕЗ Л 
68-pr. 1-5. < ... un 184 - 
= 1.8.6 8.3... 2 0 9 5 Dundas, 1946 mt, ~ 8 Vous 
— Р" 2 2 Dunda 
32-pr. 1,8. оозе 97 2 Re fag 
а ет Сери 96 4 | Dundas 1817. р ^, ба. ӘС. 
„ L8.68S8.. . 9 6 4 | Вюшейем. 
» L8.688,AÀ. .) 50 9 0 5 | Monk, 1838. 
» 1.8.68.8. В. .| 45 8 6 5 | Monk, 1838. 
и 18.48.5., С. „| 42 8 0 5 | Monk, 1838. 
„ LS.only . ...| 48 & в о ч ne 
L) 
LS.ony .. 0.) 40 7 6 7 | Congreve Bored up in 1830, from 
с ы e 24-pr. of 42 cwt. 
:| » LS.only .. ..| 39 16 5 | ВіошедеМ...... up іп 1830, from 
m of 40 cwt. 
n L8.888.. ...] 32 6 6 6} | Blomefield..... up in 1830, from 
24-рг. of 33 cwt. 
8 „ 1.8.484.... 25 во 6 Dundas, 1845. only two muzzle 
— 
3 6 |96 4 | Вюшейем. 
24-рт. 1,8. only ... { 48 9 0 4 Blomefield. 
> 5 2 : инээж ...| Bored ар from12-pr.,22cwt. 
ome! le 
18-pr. 1,8, only ... { a irn [| Nea 
12- | { 84 9 0 4 | Blomefield 
РЫ се. o 33 86 4 | Blomeñeld ...| For drill and saluting. 
ан { 28 8 6 4 | Blomefiel 
* s» ЭЭ 24 то 4 Blomeñeld ... Рог saluting. 
€-pr. бө, ES 2 3 4 | B ..| For drill or saluting. 
рт. . - 
Carronades (2698. > 32 = |)». е 
10-10. LS. |442 50 — | Millar, 1852. әл. № 
Howitzers only = | 
Ы 4 2 — | 480 | — | Millar, 1852. i 
5 4 - - - N.P., 1857. 
1915. 8.8, š š — -- — | О.Р.ог Blomefid. 
13-ш. LS. ... 34 - - — | Millar. 
Mortars 4 10-in. 8.3. .. з 10 асы = mw 8 
10-11. 1-8. ... 25 – = ;— Millar. 
Sin. 1-8. ... 22 - — — Millar. 
12-рг. 1.8. ... вв — |181 | — 
Ферт. 1.8. ... во = |119 |- 
Guns 6-рг. 1,8. ~. 5 0 — 59% - 
a 40 — | 47-56 | — 
з 0 - | 55 | — 
48 — | 560 | — | Millar. 
48 — | мо | — | Millar. 
3 9 — | 4550 | — | Milar. 
3 9 — | 450 | — | Millar, 
110 -- 22'5 — 1738. Coehorn. 
13 _ _ — | 1142. Royal. 
11 -- - -- 1733. Coehorn. 


Norz.—A few pieces have been struck out from this list as originally published, in consequence of 
their having been since pronounced obsolete. 


9 Retained only until the few that now remain are superseded by Rified Guns. 
1 These guns have been issued in large numbers for the Volunteer service. 
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those natures which were pronounced obsolete; but it was ordered at CHAP. І. 
the same time that where any of the latter were mounted they should 
be retained on.the works until they were replaced in due course. 
Probably they have all been exchanged by this time. 

Cast-iron ordnance were.manufactured in England as early as 1545, Cast-iron guns 
but bronze pieces had been made prior to that date, for the founding іп 1545. 
of bronze was apparently understood before the art of smelting iron 
had arrived at any degree of perfection. 

The brass foundry at Woolwich was established in 1717, and there Bruss 
most of our bronze ordnance have been manufactured; some natures foundry | 
are still in existence, such as the 4j-inch howitzer and the Coehorn ®t Woolwich. 
mortar, which have been made from the time of its first estab- 
lishment. 

Cast-iron were supplied by contractors according to designs Supply of 
which were furnished to them, and these were proved on delivery by cast-ironguns. 
government officials. 

In 1864, when the use of armour-plate on vessels of war raised the В.В. wrought- 
question of penetration and power of guns, the Admiralty proposed the iron guns. 
construction of large S.B. wrought-iron guns. Two natures were 
accordingly made, 100 and 150-prs., which were built up on the 
Armstrong system of coils. More powerful results, however, were 
obtained from the smaller rifled which were adopted shortly 
afterwards for general service; so the manufacture of these S.B. pieces 
was soon discontinued. The ae. is now obsolete; but the 100-prs. 
аге stil used by the navy for drill. These two pieces were the last 
natures of S.B. muzzle-loading ordnance introduced into our service, 
and they are the only S.B. guns made of other material than bronze or 
cast iron. 

S.B. ordnance are classified as guns, carronades, howitzers, апа, iClasses of 
mortars; and а] these, with the exception of carronades, have been | ordnance. 
made both in brass and cast iron. 

* Guns" may be defined as those pieces which have a length of at 
least 12 calibres and upwards, and which are adapted for firing either 
shot or shell. 

Two , however, the 8 and 10-inch, were made only for shell; "Shell guns. 
these differ from other guns in having ** gomer " chambers, that is to 
вау, а conical termination to the bore, and in being shorter and lighter 
in proportion to their calibre. 

arronades have a length of about 7 calibres, and the powder |Carronades. 

chamber is cylindrical, axially situated, but of smaller diameter than; 
the bore. They differ from guns in external appearance in being small, 
and tapering at the muzzle, where they are furnished with a projecting 
rim instead of a swell to facilitate loading on board ship; they have 
no trunnions, but are secured to the carriage by а loop and bolt under- 
neath the middle of the piece. 

Howitzers are not unlike shell 8; they are adapted only for |Howitzers. 
firing shells, and are intended for horizontal or ricochet fire. eir 
length varies from 5 to 10 calibres. 
ortars are suitable only for high-angle or vertical fire. Their len онага. 
is about 8 or 4 calibres, and the trunnions are placed at the extremity - 

the breech instead of being near the centre of gravity. | 
All mortars, howitzers, and shell guns have gomer Rubus except Gomer 

44-inch bronze howitzer, which is cham cylindrically. 
Each nature of ordnance was formerly made either for land or sea 1s. and 8.8. 
service, although a few pieces were common to both. S.S. ordnance ' 
were furnished with breeching loops, and some with housing blocks 

lso; but in other respects they differ generally from L.S. pieces only 

small fittings and stores. 


uns. 
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8-inch. 


68-pr. 


42-рт. 
82-рг. 
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S.B. guns which were made for firing solid shot are designated by- 
the weight of the shot in pounds, and if necessary by the weight 
of the piece also; as, for instance, the 68-pr. of 95 cwt.; those natures. 
which were intended only for firing shell are named by their calibre 
in inches, the weight of the piece being added as before when required, 
е.7., the 8-inch mortar of 9 cwt. 

Bronze howitzers are an exception to this rule, for being generally 
associated with guns, they are distinguished in the same manner, viz. : 
as 12, 24, and 32-pr. howitzers, although they never fired solid shot of 
those weights. 

Where there is more than one pattern of the same calibre and - 
weight, the length should be specified also as а further mark of 
distinction. 

Length is measured from the muzzle to the rear edge of the base: 
ring on the breech, except in mortars which are measured “over all," 
that to say, from the face-of the muzzle to the extreme end of the 
breech taken parallel to the axis of the piece. 4 

Тһе кара given in the table are termed “ nominal," because there 
is. often a difference of 2 or 3 cwt. in pieces of the same nature. 

Preponderance is the term which is used to express the statical: 
pressure on the elevating screw or coin, when the axis of the piece is 
horizontal. 

Windage is usually defined as the difference between the diameter 
of the bore and the diameter of the shot, but properly speaking it is. 
the difference between the sectional areas of the projectile and of the 
bore of the gun. In old guns the windage allowed was one-twentieth 
the diameter of the shot; but in those of more modern date it is only 
0:1 of an inch in small natures, and 0:15 in heavy pue Windage, of 
course, should be as little as possible, for besides allowing the shot to 
make indentations in the bore and causing irregularity of flight, а 
great deal of powder gas escapes by this passage, and a sacrifice of 

wder is entailed. This loss was computed to be equivalent to опе- 

ourth or even one-third of the charge. 


Natures of Cast-iron Ordnance. 


A few remarks will be offered now in connection with the different 
natures of ordnance mentioned in Table XVI. 

8-inch shell guns at one time formed part of the siege train, and 
were also used for the flanks of forts and for permanent works. Many 
of 65-cwt. have been converted into 64-pr. R.M.L guns. There 
are but few of the 54-owt. and none of the 60-cwt. pattern now 
mounted in land service batteries. 

The 68-pr. of 112 cwt. was the heaviest cast-iron piece in our service, 
but very few are now left. There were, however, many of 95 cwt., for 
these were much used as pivot guns and for the sea faces of forts; 
a large number of these have been converted into 80-pr. R.M.L. 

ins, 

” Қ сал ыы are rare, but a few may ђе found іп remote batteries, especially 
abroad. 

32-prs. were formerly the principal armament of all classes of vessels, 
and hence we have many descriptions varying in length as well as in 
weight. The different amount of windage allowed from time to time 
has caused a difference in theif calibres for the projectiles were always 
the same; the charges also vary with the description of gun. The: 
58 and 56-cwt. guns were the patterns most commonly used, and 
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58-cwt. gun has been converted in very large numbers on the Palliser 
principle, into 64-pr. R.M.L. guns. 

Monk's A, B, and C 89-рг, guns still exist, but will rarely be met 
with. The 48 and 50-cwt. guns are issued indiscriminately to be 
mounted on the same nature of carriage, and they are bracketed 
together in Annual Returns. These as well as the 89 and 40-cwt. guns 
have been issued in large quantities to Volunteers. 

The 82-ргв. of 40, 39, and 32 cwt. are bored-up guns, having been 
originally 24-prs. 

"The 25-cwt. gun is a light 32-pr., which, though а shot gun, may be 
distinguished by having only two muzzle mouldings. 


CHAP. I. 


Bored up 
guns. 


24-prs. have been exclusively assigned to land service; many of 24-pr. 


these have been issued to Volunteers. 

А few 18-prs., both of 42 and 38 cwt., may still be found in the flanks 
of large works. 

139 5 9, and 12-рг. cast-iron guns are now only used for saluting 
and drill. 

Carronades may be found in the flanks of a few works, and they 
are used also in the sea service for drill. 

Iron howitzers were mounted only in flanks and similar positions 
where a very. short range was required. 

S.S. mortars of 13 and 10-inch calibre were originally intended for 
“mortar vessels,” but they are now used for coast defence. They are 
much heavier, and have narrower chambers than the mortars of cor- 
respondi calibre for L.S. There is also an 8-inch mortar which was 

e for land service. 


Bronze Ordnance.* 


There are four natures of smooth-bore bronze guns: 12, 9, 6, and 
8-prs. These are nearly alike in exterior appearance, resembling the 
earlier patterns of cast-iron guns. By an order, dated November, 1859, 
а dispart patch is to be added to every bronze gun before issue. 

Of bronze howitzers there are also four natures, two of which, the 
24 and 12-pr., are common to land and sea service; these are similar 
in pattern, but for S.S. they are provided with a breeching loop, and 
the breech is rounded off that the rope may not be cut by the base 
ring. The 32-pr. is only used for L.S. The 41-inch is retained for 
colonial and mountain equipment: it is of exceptional form, very short, 
and has a cylindrical chamber. 

The bronze mortars may still be found useful in mountain warfare 
in the defence of a besieged fortress, and perhaps in the advanced 
trenches of an attack. 


Inspection, Proof and Marking before issue. 


The following were the tests applied in the Royal Gun Factory to 
cast-iron pieces on delivery by any contractor. 

They were examined for flaws in the metal and for gauge and con- 
centricity of bore; then two proof rounds were fired · with a heavy 
charge and a service shot pressed home with a junk wad or wooden 
wedge. The gun was afterwards proved by water pressure, and finally 
examined with a lamp passed down the bore. 


* A large quantity of bronze ordnance has now been sold as old metel, but some 
of these pieces exist, especially in Indis, and in our possessions abroad. 


18-pr. 

12, 9, and 
6-pr. 
Carronades. 


Tron 
Howitzers. 
Mortars. 


Guns. 


Howitzers. 


Mortars. 


Proof. 
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CHAP. I Guns which endured the test were weighed, marked, and registered. 
—— On the first reinforce were engraved the number by which the gun was 
Marks. entered in the R.G.F. books, the broad arrow, the exact weight of the 
piece, and year of proof; thus— 
8736 


52--1--10 
1 858. 


On the left trunnion were already marked the manufacturer's initials or 
the name of the foundry, the manufacturing number, and year of casting. 
Bronze ordnance are marked in a somewhat similar way, but the register 
number is engraved in Roman letters on some part of the piece, not 
always іп the same spot, the foundry number being generally between 
the trunnions on the underneath side of the gun. 

This system of marking was not introduced until 1857; prior to that 
date guns were not marked in any regular manner. The weight was 
sometimes engraved under the cascable. On bored-up guns the new 
weight and date of boring oo yao placed on the first reinforce. 
Carronades were marked near the elevating patch. 

Royal Badge. Тһе Royal Badge is to be found on the reinforce of most natures 
of guns; but on the 68-pr. it is pee over the breech. Bronze guns 
have also the monogram of the ter-General of the Ordnance on the 


chase. 
Venting. 
Venting. ' Prior to issue a S.B. gun is vented and fitted with sights. This 
— . work is now done іп the Arsenal, but it may have to be performed 


' at out-stations, for these pieces were formerly issued to gun-wharves 
і and дербів of ordnance before this work had been done. 

The vent channel was formerly a mere hole drilled through the metal 
апа usually inclined from the top of the breech down to the end of the 
‘bore; but in consequence of the enlargement of vents in the 
(изей at the sieges of 1812-13, experiments were carried out at Wool- 
‘\wich as to the advantage of using bushes of different material, which 
· were to be screwed into the gun and renewed as often as the vent 

: channel became too much enlarged. Bushes proved to be very success- 
ful, and ye ye was found to be the material Бий suited for the purpose, 
go the Board of Ordnance directed that all guns should be bushed. 
и | In 1844 it was ordered that only iron bushes should be used, because 
_ it was thought that a galvanic action was set up between the cop 
| г and iron, which might be the cause of corrosion. Experiments in 1855 
] . proved that this was not really the case, so the use of copper bushes 
11 24... уаз resumed, and that of iron at the same time discontinued. No 
| better material has since been discovered, especially when it is hardened 
| by hammering. 
== From 1855 to the present date all guns have been bushed before 
issue, but prior to that date they were generally issued unbushed. 
Mortars were never bushed before issue, but some have been copper- 


bushed afterwards. 
Cone and Copper bushes vary in size, in diameter, and in pitch of the thread. 
through The service bushes, however, are now reduced to two kinds, which are 
bushes. known as the “Cone” and “Through.” These are all tapped with a 


screw of 7 threads to the inch, but they vary in length according 
to the thickness of metal in the breech of the gun. A square head is 
furnished for the operation of screwing in and adjustment, but this and 
all surplus length is cut off when it has been properly fixed in the gun. 
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The operation will be described in Part IV, in connection with the 
repair of these guns which is commonly known as re-venting. 

The vent channel has a diameter of '22 of an inch; but this is slightly 
enlarged at the orifice in sea-service guns, to suit the quill friction 
tube. 

When any piece of ordnance is bushed for the first time a cone bush 
is invariably put in, for the cone assists in securing a tight fit. After 
the metal of the bore has been worn away round the bush (even to a 
considerable extent) the gun may be vented again, perhaps two or 
three times, with another cone bush set deeper in the gun; last of 
all, a through bush must be used, and this requires very careful 
adjustment. 


The nature of bush is generally expressed by a symbol NO or 
еа" but when stamped оп а gun the following letters are placed 


CHAP. 1. 


on the cascable as an indication of the nature of bush. On first issue— _ 
hi 


CV 
2 meaning * copper vent, new gun, cone bush." 


After rebushing the N should be obliterated, and when a through bush 
is put in the C should be hammered out also. 

The initial of the out-station at which the gun is revented should also 
be stamped underneath tho letters which refer to the vent. 

Old guns may be found with various exceptional bushes, and these 
have been differently marked ; for instance, LC means “ long cone,” and 
IV “iron vent"; there are also copper bushes with 6 threads to the 
inch, both cone and through. These exceptions must be carefully 
noted when reventing a gun, because 8 special bush may be necessary 
again, but there are very few now to be met with. 


Lines on S.B. Guns. 


Certain lines are required on guns for the adjustment of sights and 
other arrangements for pointing or laying the gun. These are now 
always engraved before issue, but in depóts abroad there may be guns 
which have not been lined up to the present. There are four principal 
lines to be marked on a S.B. gun. 

(1) The * Line of Metal,” which is а line extending from the base 
ring to the swell of the muzzle, representing the intersection of the 
upper surface of the gun with a vertical plane passing through the 
axis of the piece when the trunnions are placed horizontal. It may be 
obtained in the following manner :— 

The gun being levelled across the trunnions, a wood batten is 
placed in the bore, long enough to project some feet beyond the 
muzzle. This batten must have parallel sides; it should also be 

inted white on the upper surface and be bisected by a pencil line 

own the centre. 

The surface of the batten is then levelled transversely, and, a Т 
square being placed upon it, the position of the pencil line is squared 
up against the face of the muzzle. ^ 

А wood straight-edge is next placed on the top of the gun against 
the Т square, and the edge of this and the centre line of the batten are 
brought into the same vertical plane by the eye. The line thus obtained 
is lightly marked on the swell of the muzzle and on the base ring. The 
Т square should now bereversed and the same operation gone through 
on y "g side; if the lines do not quite coincide at the breech the 

0.0. I 


Exceptional 
bushes. 


Line of metal. 


Vertical line. 
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mean may be taken between them. It is then cut permanently on the 
muzzle and breech of the gun. 

(2) The “line of horizontal axis." This is marked on the right side 
of the gun, being obtained when the right trunnion is upwards, by 
a similar process to that by which the line of metal is found. It is 
engraved on the muzzle, breech, and right trunnion. 

(3) The “quarter-sight lines." These are marked on either side of 
the piece at the breech and muzzle, just sufficiently above the horizontal 
axis to clear the trunnions and capsquares; they furnish the zero or 
point-blank line for the quarter-sight scales. 

Before the introduction of Millar’s sights all cast-iron guns were laid 
by means of the quarter-sight scales; these were engraved on the base 
ring on each side of the gun, the zero being the quarter-sight line, 
and the scale reading to 3 degrees elevation. The graduation was 
obtained from а template Ed was made for each nature of gun, 
whereby the degrees of a tangent scale (calculated to the radius distance 
between the base ring and a notch on the muzzle) could be projected on 
the curved surface of the breech. 

Quarter-sight scales are now marked only on L.S. guns up to the 
82-pr. inclusive. 

(4) The “ vertical line.” Upon the right trunnion the axis line is 
bisected and a vertical line is engraved at right angles to it. А 
special plate has been made for marking this line, which can be 
FUA by inserting а pin in different holes to trunnions of different 

iameter. 


nett s Sights. 
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Angle of 
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The sights used with cast-iron* ordnance are known as Millar’s 
sights. These consist of (a) a foresight of -metal, attached by 
screws to the gun on the second reinforce; and (5) a half round brass 
mos scale,f sliding in a gun-metal block, which is secured to the 

reecb. 

Pieces of sheet lead are placed between the sights and the gun, 
to facilitate adjustment and to prevent the heads of the screws from 
being broken off by the concussion of firing. In order to clear the 
breech when pushed down in the socket the hind-sight is attached at an 
angle of 76 degrees with the axis. 

The mode of adjusting Millar's sights is at follows :—Having carefully 
levelled the gun across the trunnions, the fore and hind sights must be 
adjusted to fulfill the following conditions. 

ist. They must be set at the exact distance apart, as given іп 
Table XVI, for the radius distance of the particular gun. 

2nd. When the scale is at zero the line joining the tops of the hind- 
sight and fore-sight must be parallel to the axis of the piece. 

8rd. When the scale is raised to the “clearance angle" or full 
elevation marked on it, the tops of the two sights and the highest point 
on the muzzle must be in a straight line. 

4th. The line of sight must be made to coincide with the vertical plane 
which passes through the line of metal and axis. 

А special dummy sight ја used in the first place in lieu of a fore-sight 
set loosely on the gun, which, with the hind-sight, is adjusted by hand 
until the conditions are fulfilled. An angular level is supplied to set 


* Iron howitzers excepted, which are sighted in а similar manner to bronze guns. 
+ For 8.8. this scale is hexagonal, and made of gun-metal. 
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the scale to its inclination of 76 degrees. The positions for the screw 
holes on the gun are then marked with a scriber through the holes 
previously drilled in the sight blocks, and punched through the lead 
packing. А drill-post is supplied for this purpose, and care must be 
taken to drill the holes perpendicular to the face of the block, so that 
ки лын — the screws may rest fairly upon it; the holes аге after- 
У фар . 

Тһе hind-sight should be fixed first. When this is done the scale 
must be raised to the clearance angle, and a silk thread is stretched 
from the bottom of the notch on the hind-sight to the bottom of the 
notch at the muzzle. . 

The dumm —— is now exchanged for the real one, which is 
adjusted by hand under the silk cord at the proper distance from the 
rear face of the hind-sight. The screw holes То drilled and tapped 
as before, the sight is screwed on to the gun. The top is then filed down 
to the level of the cord, and the position of the ridge being marked on 
it, the sight must be removed to a bench for the sid slopes to be filed. 
When screwed on once more the position is carefully tested to make 
sure that all the conditions are strictly fulfilled. 

The sights and lead packing are stamped with the number of the 


gun, and the screws should also be marked for the holes to which they . 
а 


уе been fitted. 

When the guns are mounted and the sights kept in store, the holes 
should be plugged with preserving screws; but these must be removed 
if the guns are shifted, because the screw-heads are liable to be broken 
off, and the holes should be then filled with tallow or grease. 

The distance between these sights on the gun is termed the “short 
radius,” because this is the distance for which the short tangent scales 


have been — 

In usi illar’s sights it will be found that at a certain elevation 
the muzzle of the gun will begin to interfere with the line of sight: 
this elevation is termed the “ clearance angle,” and may be defined as 
the degree of elevation when a line through the top of the notch on the 
tangent sight and the top of the fore-sight coincides with the notch on 
the muzzle. For higher degrees of elevation it becomes necessary to use 
the muzzle notch as a fore-sight, and the distance of this from the 
tangent sight is called the “long radius.” A long radius implies greater 
length of divisions on a tangent scale, and therefore a longer hind-sight, 
во for elevations above the clearance angle special arrangements are 
made which differ for land and sea service. 

For L.S. this supplementary scale is made of wood, and called the 
* wood tangent scale"; it is graduated from the clearance angle up to 
extreme elevation, about 10 degrees; it has also a degree scale from 
zero to the clearance angle though nor intended for use, and there is a 
yard scale engraved on it from point blank to extreme range. 

At the back of the wood tangent scale is a brass staple which fits on 
to the head of the hind-sight when raised to its full elevation; and at 
the bottom is а plate shaped to fit on the block, so that it can be fixed 
to the ordinary hand-sight for use. 

With bronze ordnance a half-round brass tangent scale is used which 
works іп a socket drilled in the metal of the gun. This socket is fitted 
with а spring, and the scale has в small stud at the bottom which 
prevents its being removed unless the spring is first taken out. Тһе 
scale is clamped by а set-screw, but this is а separate store. The 
notch on а dispart patch at the muzzle serves as а fore-sight. 

All S.S. tangent sights for the S.B. bronze ordnance are furnished 
with a high head, that the line of sight may be clear of the friction 

12 
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tube, guide-plate, and pin. The fore-sight in consequence must be 
equally high. 

As an alternative method of laying, “ wood side-scales” are provided 
for 32-prs. of 32 and 25 cwt., and also for 24-pr. bronze howitzers 
when mounted оп 5.5. carriages with elevating screws. They are 
graduated to 12 degrees for elevation, and to 6 degrees for depression ; 
the radius distance for the scale being the distance between the axis of 
the trunnion and the cross-cut on thé horizontal line on the base-ring 
to which the side-scale is applied. For adjustment in the first instance 
the bar must be cut to such length that when placed on a step of the 
carriage and held perfectly upright, the zero line should coincide with 
the axis of the gun, when the latter is horizontal and the ship on an 
even keel. Elevation or depression can then be given by means of 
the side-scale in connection with the ship's pendulum or other means 
for ascertaining the heel of the vessel, when owing to smoke the gun 
cannot be laid by its sights. 


Small Stores. 


The following is a list of other stores for S.B. ordnance which are 
supplied by the Royal Gun Factory :— 


Pricker, or priming iron. Apron vent. 

Vent punch. Vent plug. 

Vent bit. Wrench. 

Friction tube pin. Preserving screws. 


Lanyard guide. >For S.S. only. Shot bearer. 
Pendulum. Spikes, common and spring. 


The pricker or priming wire is a rod of iron slightly pointed at one 
end, with a ring at the other. The term “ priming wire” is adopted in 
the navy. For garrison service and large guns it is 12 inches long, for 
field service 7}. 

A vent punch is supplied for cleaning the vent from any hard sub- 
stance which cannot be removed with the pricker. These are of steel, 
and have a strong round head so as to bear hammering. There are 
four sizes, varying in length from 8 to 22 inches to suit different 
vents. 

Aprons vent are small гээ of sheet lead for covering the vent and 
head of the tangent scale on howitzers and bronze guns. There are 
two sizes, large for iron howitzers, and small for bronze ordnance. 

Vent bits are also supplied for L. and S.S., they consist of wrought- 
iron-rods having a bit formed at one end, and a ring at the other; they 
are used for removing any slight burs which may Б thrown up by the 
action of the powder gas in the vent. 

The friction tube pin consists of a small piece of steel threaded on 
the lower portion and formed into a pin. 1t is screwed into the gun to 
the left front of the vent in cast-iron ordnance, and to the right front in 
bronze; it is intended to support the lead of the S.S. quill tube, the loop 
of which is hooked over the pin. 

А lanyard guide is a small fitting for the lanyard to pass through to 
ensure a direct pull upon the tube. 1t is screwed into the surface of 
the piece on the opposite side of the vent to the friction tube pin. A 
cross-head serves to loop up the lanyard. 

А pendulum was formerly used to show the angle at which a vessel 
was heeling, that correction might be made in the elevation when 


laying a gun 
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A vent plug consists of a vulcanised disc of indiarubber, with 


leather stem. It is employed for protecting the vents of ordnance 
when exposed to the weather. 

The wrench is а small iron instrument with four arms, one of which 
is а wrench for sight screws, another for the friction tube pin, а third 
is а turnscrew, and the fourth is а tommy. An old pattern wrench may 
be met with sometimes consisting only of the turnscrew and wrench. 

Bearers for shot or shell are-supplied to.68-pr. guns and all ordnance 
of larger calibre, including the 100-pr. wrought-iron guns. 

Of spikes there are two sorts, viz., “common” and “ spring." 

The common spike is a conical piéce of hard steel about 3 inches long. 
When it is desirable to disable a gun for some time, a spike of this 
kind may be hammered into the vent, and the top broken off. А gun 
well spiked in this manner cannot be made serviceable again without 
being revented, for which purpose hollow drills are supplied with each 
set of venting tools. » | 

А gun may be rendered temporarily useless with a “spring spike”: 
this consists of a steel rod with a flat head at the “р and a spring near 
the bottom, so that when the end has passed into the bore the spring 
opens out and the spike cannot be easily removed. When the gun is 
recaptured, however, the spike can be taken out by pressing back the 
spring with a rammer: a small notch is cut on the head of the spike to 
show the position of the spring—i.e., the side which must be turned 
towards the muzzle for its extraction. 

For L.S. there are five lengths of spring spikes, viz.: A, 15:5-inch; 
B, 12°5-inch; C, 9:2-inch; D, 6-inch; E, 8:5-inch. Any others that 
шау be in store have been declared obsolete, but not if on Artillery 
charge. Тһе ordnance for which these are suitable аге enumerated 
in the table below. : 

The length of a spike is measured from the head to the top of the миш 

The Navy are supplied only with the shorter natures, which аге 
suitable for spiking field ‘guns. 
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Description of Ordnance. —— 


Bronze smooth-bore guns :— 


12-pr., 18 cwt. .. oe ee ee oe ee .. 
9-рг. .. .. .. .. .. .. .. .. D 
6-pr., 6 cwt. .. .. .. .. .. .. .. 


З-рг. .. .. .. .. .. e 


Bronze smooth-bore howitzers :— 
43-inch Coehorn, 2% cwt. .. .. .. .. .. — 
24-pr., 13 сиё. .. .. .. .. .. .. .. | D 
12-pr., 7ewt. .. .. .. .. .. .. 

Bronze smooth-bore mortars :— 

54- inch, 14 cwt... .. .. .. .. .. .. = 

Cast-iron smooth-bore -- 
8-inch, 65, 60, a 54 owt. .. .. .. .. .. 
68-рг., 95 cwt. .. .. .. .. .. .. .. 
42-pr., 84 ewt. .. .. .. .. .. .. .. 
42-pr., 67 ся. .. .. .. .. °° .. 
32-pr., of all natures (except 25 owt.) T T. .. 
24-рт., 50 and 48 cwt. .. .. .. .. .. .. 
24-pr., 20 owt. .. .. .. .. .. .. .. 
18-pr., 42 and 88 cwt. .. .. .. .. .. .. 
18-pr., 20 and 15 owt. .. .. .. .. - Ра 
12-рг., 34 and 83 cwt. .. .. .. .. ee ee 
9-pr. .. .. .. .. .. .. .. 
6-рг., 17 ст. .. .. .. .. .. .. .. 
82-pr., 25 cwt. .. .. .. .. .. .. 

Cast-iron smooth-bore howitzers :— 
10-inch, 42 owt... .. .. .. .. .. .. 
&-inch, 22 owt. oe .. .. .. .. .. 

Cast-iron smooth-bore mortars :— к 
10- inch, 18 cwt... oe .. .. .. .. .. 
B-inch, 9 owt. ee .. .. .. .. .. .. } 
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PART II. 


CHAPTER П. 
MANUFACTURE OF R.M.L. GUNS. 


General manufacture of R.M.L. guns.—The steel-barrel.—Bending test.—Tenaile 
test.—Tempering in oil.—Water test.—Manufacture of bars and coils.—Welding 
в coil.—Double coils.—Uniting coils.—Manufacture of а trunnion ring.—Forma- 
tion of a jacket.—Building up the gun.—Shrinking.—The cascable.—Gas escape 
channel.— Operations after building up.—Rifling.— Description of the rifling 
machine.—Splay of the grooves.—Bell mouthing.—Venting.—Different positions 
of the vent.—The copper bush.—Examination before proof.—Gauging.—Gutta- 
percha impressions.—Proof rounds.— Water test.—Examination after proof.— 
Royal monogram.— Weight and preponderance.—Line of metal.—Vertical and 
horizontal lines.—Lining small guns.—Service venting.—Sighting.—Drilling holes 
for sight sockets.—Other marks and lines engraved on guns.—Register number.— 
Heel-scale.—Slot for elevating screw.—Roughing under the breech.—Pivot pieces 
and elevating plates.—Derricks.—Trunnion studs.—Final examination.— Painting 
and browning.—Memorandum of examination. 


Ir will be unnecessary to enter minutely into the manufacture of 
R.M.L. guns, for both the material and the system on which they were 
made have been que up in the construction of modern pieces of 
ordnance ; the production of wrought iron has yielded to the manufac- 
ture of steel, and with the use of a different material both the for 
operations and the method of building up guns have had to be entirely 
remodelled. It will be sufficient to give a general description of the 
manufacture of this class of ordnance, taking one gun as a type; after- 
wards the differences in construction can be pointed out, and some 
details will be given with regard to each gun, such as their dimensions, 
sights, fittings, and stores. 

АП wrought-iron ordnance with very few exceptions consist of a solid- 
ended steel barrel* supported by coils of wrought-iron successively 
shrunk over the tube in one, two, or more layers, until the required 
outline and strength are attained. Тһе trunnion piece, however, has 
always been forged from a solid block ; this was punched into a ring, 
and generally welded to the exterior breech-coil before being shrunk on 
to the gun. 

It will be convenient to take the 7-inch Mark ІУ for the purpose of 
illustration, being one of the latest designs among R.M.L. guns. This 
consists of а barrel, breech-piece, B-coil, B-tube, jacket, and cascable. 
In explaining the manufacture of these several parts of а 7-inch gun, 
and the completion of the gun when built up, the descriptions may be 


* A few guns of early construction have wrought-iron barrels, and possibly some 
tubes may be found that have been closed with an “ Elswick loose-end." The breech 

іесе also at first was formed out of а solid forged mass, instead of the hollow coil as 
о in this chapter. 
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taken to apply (with slight variation) to nearly all other R.M.L. guns, 
and in some respects also to the manufacture of ordnance at the present 
time. 

The Barrel. 


The steel block for the A tube or barrel was always supplied by 
contractors in the form of a solid forged ingot. On receipt in the 
Royal Gun Factory it was rough-turned for inspection of the exterior, 
and small discs were cut off at each end from which the test pieces 
were taken. In this operation a lip also was formed at the muzzle for 
a clip to take hold of the barrel when being lifted in or out of the 
tempering furnace and oil-bath. 

A set of test pieces consisted of six from each disc, viz. :—three flat 
bars 4 inches long by # inch by y 002 and three cylindrical pieces 
shaped for the testing machine, which were 2 inches long between the 
shoulders and 0:533 inch in diameter. These were marked S, L, and H 
in each set, S for soft or natural steel, and L and H for those which 
were to be tempered in oil at a low and high heat respectively. The 
heat was judged simply from colour by an experienced workman, * low ” 
— corresponding to a blood red, and “ high” heat to а bright cherry 
colour. 

The flat pieces were subjected to a bending test; one end being 
gripped іп а vice, the other was hammered down until the piece was 

mt double or broke. Soft pieces were expected to bend perfectly 
double, but they were very often broken afterwards to examine the 
fracture ; the tempered piece H or L which showed greatest toughness 
would indicate the heat for tempering the barrel. 

The round bars were all tested in the machine; the soft material was 
expected to yield at about 13 tons per square inch, and to break at about 
81; ihe tempered specimens to yield at about 30 and to break at about 48. 
Elongation was also considered, but no limits were fixed ; the general 
character of the steel determined whether the block should be used or 
rejected. 

Having passed all the tests for acceptance the block was bored out 
and tempered. For boring the forge ngot is placed in a lathe, in 
which the tool is practically stationary (with a very slow onward motion 
for feed), while the ingot revolves against the cutter. In this way the 
momentum of the mass is made to assist in the work of cutting out the 
interior metal. A diameter of a foot has thus been bored out in a 
single operation, and if a үт hole was required the remainder was 
removed by a second cut with a tool of a different description. 

For the operation of tempering, the barrel was placed in a vertical 
furnace (the bottom resting on supports or a hollow coil), wood only 
being used for the fuel. When heated to the proper temperature, as 
indicated by the test piece, it was lifted out by an overhead crane and 
lowered into a tank of rape oil, where it was allowed to cool slowly. 
A water space was arranged in the frame of the tank, through which a 
supply was kept circulating for the purpose of cooling the oil. 

After tempering, the barrel was again slightly turned and bored out 
to remove surface cracks, and then it was subjected to a “ water-test.” 
For this it was placed horizontally in a hydraulic press, the muzzle end 
being fitted with a gutta-percha ring and leather cup to render the 
tube water-tight. It was then filled from the main, and pressure after- 
wards given by a steam pump. Two indicators were attached, one 
vertical and one horizontal, so as to check one another, and the pumping 
was continued until 4 tons persquare inch was registered on the pressure 
gauge. If no flaw was detected by moisture on the exterior, the barrel 
was considered perfectly sound. 
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Wrought-Iron Coils. 


For the manufacture of coils, iron of superior quality was first 
produced by means of a puddling furnace; the puddled balls were then 
hammered into blooms, and the blooms reheated and rolled iuto slabs. 
Scrap iron was also worked up into slabs іп а similar manner, but of 
course without passing through fusion; this was a stronger and more 
fibrous material than that which was produced from cast iron. 

Slabs were next piled together for the formation of bars, scrap iron 
being used in the centre, with one slab of puddled iron at top and 
bottom to give a smooth surface to the bar. The pile of slabs, when 
reheated to whiteness, was rolled out into a bar from 20 to 80 feet 
long, varying in thickness from 24 to 10 inches according to the 
purpose for which it was made. The section of a bar чаз шарах, 
that when coiled оп а mandrel with the narrow side inwards, the 
spreading of the inner and stretching of the out material might bring 
the folds to a uniform thickness and so make good helix or coil.* 

For the operation of унаа much longer bars were required, во two 
and two were scarfed and welded together, and these again were joined 
up end for end, until the required length was obtained. This generally 
ranged from 150 to 200 feet, but the longest on record was nearly 300 ; 
very long coils were not often employed on account of the difficulty of 
welding the folds in the middle. 

This long bar was prepared for coiling by а scarf at each end, 
through one of which а hole was punched for a chain to be hooked 
for the purpose of drawing the bar in or out of the furnace. It was 
launched into the latter by the help of steam power, and heated to 
redness on a reverberatory system by fires placed at intervals on either 
side. When ready for coiling it was drawn out and hooked to a pin on 
the side of the mandrel ; this part had to be cooled down by water to 
prevent the metal from tearing under the weight of the bar, and then 
by revolving the mandrel the bar was drawn out and coiled. 

The next operation was that of welding the coil to unite all the folds 
of the helix and make a solid cylinder of iron. It was therefore 
placed upright in a suitable furnace, and brought to a full welding heat, 
then transferred to an adjacent steam hammer, and a few blows were 
sufficient for welding; but the operation was always repeated (after 
another heat) at the opposite end. On each occasion a punch was 
driven half-way down into the coil, which was then thrown on its 
side and well hammered all round the exterior; a longer punch might 
have tended to open the folds which had just been welded together. 

Double coils were made by winding a second bar either on this helix 
or cylinder formed by the first. The welded cylinder naturally gave 
denser metal inside, and therefore it made a strouger tube for the 
breech-piece in heavy guns. 

For extra long cylinders, two coils were united together by в process. 
of rough shrinking and welding, in preference to coiling a sufficiently 
long bar all at once; the soundness of welding could be better 

teed in this manner, especially in the middle of the length, where 
the blow of a steam hammer might otherwise scarcely be felt. 


• When bars of greater thickness than 9 or 10 inches were required for coiling 
they were forged into 20 foot lengths, instead of being rolled out from slabs. The 
nip of the rollers could not always be trusted to effect perfect welding in the middle 
of so large а bar; and, though more expensive, a denser and stronger material was 
made in this manner for parts where great strength was required. 


MANUFACTURE OF R.M.L. GUNS. 125 


Trunnion Rings. 


In the formation of a trunnion ring, a solid forging was made on the 
end of a porter bar, by welding slabs of wrought iron alternately on 
the upper and lower sides * sufficient mass was built up. This 
work.was done under a hammer, and the forging was brought roughly 
to shape. A hole was next punched оа the block, and this was 
enlarged by degrees until a fairly shaped ring was completed; the 
trunnions were drawn out on each side, and the piece was then cut off 
from the bar. It will be observed that the fibre in the iron, which in 


forging would take the direction of length, is thus distributed round 
the ring without severance, and along each arm of the trunnions; the 
direction in each case corresponding with the necessity for maximum 
strength. 


The Jacket. 


The jacket or outside breech portion was formerly made by welding The jacket. л w^ 
. ` ^ 


together two coils and а trunuion ring at one single heat as shown in 


the figure below ; but the smaller coil on the muzzle side was reduced > ` ` 
Т 


to а шеге ring in making а jacket for апу of the heaviest guns. The 
three parts in all cases were first “ rough-shrunk " together, the surfaces 
in contact being previously turned in а lathe. Тһе diameter of the 
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trunnion ring when cold was smaller than the diameter of either part 
over which it would rest, so that after cooling and shrinking there was 
known to be sufficient metal at the joint to ensure perfect contact and 
welding. The trunnion ring in this way formed a band over the joint, 
and the operation of welding the jacket was conducted in much the 
same manner as that of welding a coil. ° 


Building up. 


Shrinking has always been resorted to for building up guns, not only 
as an easy and efficient method of binding successive parts firml 
together, but also for regulating the tension of each layer so that a 
the metal may contribute in fair proportion to the strength of the 
piece. 

When any two ps are about to be put together by —— the 
interior surface of the outer portion is first completely finished in a lathe. 


This is gauged, and a plan is drawn out with the measurements reading 
to a thousandth of an inch. If there is any difference or taper the 
change must be regular, and the smallest diameter must be at the upper 
end with regard to its position when being put on the gun. A second 
plan is then made for the exterior dimensions of the inner piece, in 
which the measurements are larger than the corresponding parts of the 
first plan by the amount which is to be given for *shrinkage;" the 


surface of this piece is then turned down and finished with emery 
powder to these larger dimensions. 

The operation of shrinking is simple; the outer coil is expanded by 
heat until sufficiently large to fit easily over the inner. А wood fire on 
bars under a crane is generally used, and the coil or tube itself forms a 
flue.* When raised to blue heat the coil is lifted from the fire, and the 
inside being thoroughly cleaned it is dropped over the part of the 
barrel or gun (set vertically in а pit) which has been prepared to receive 
it. The heat required is not very great, for the linear expansion of iron 
between 32° and 212° Fahr. has been determined by several authorities 
at 0:00122 of its length, so the co-efficient of expansion for every 
degree is about 0-000007. Roughly speaking, we may calculate that 
the diameter of a coil of wrought iron would be increased to the extent 
of one-thousandth by the addition of 150 degrees of heat. Some 600" 
or 800? are therefcre sufficient for the operation of shrinking; but this 
temporary expansion by heat must not be confounded with the 
permanent extension which is left in the coil by this method of build- 
ing with shrinkage. 

en cooling, great care is required to prevent a long tube from 
taking & grip at both ends while the middle remains in expansion. The 
shoulder of beariug must always come first into contact, and all the 
mass must cool slowly and shrink towards the end at which contraction 


* Gas is used in some cases. It is immaterial how the heat is applied, во long as 
it is uniformly distributed and the manner of application is not injurious to the 
metal А wood fire in the open under в crane is generally found most convenient. 
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is allowed to commence. Water is generally applied to the part where 
first contact is wanted, and gas jets are often arranged in rings round the 
rest of the tube, which can be put out in succession as the process of 
cooling goes on. The inside of the gun is always kept cool, to hasten 
* aie * promote regular contraction commencing from the inside 
of the coi . 


Cascable. 


When the whole had been built up in this manner* a cascable 
was screwed into the breech to support the end of the barrel. This 
was forged solid, turned down into shape, and provided with a strong 
bevel thread; a hole was also drilled in the rough end, for the purpose 
of screwing it into the gun, which was afterwards enlarged into the 
cascable loop. In fitting a cascable it was necessary to exercise care that 
the front should bear evenly against the end of the barrel; to ascertain 
that this was the case the end of the tube was smeared with red-lead 
while the cascable was screwed in for trial. When unscrewed and 
taken out for inspection the red-lead should be equally diffused on the 
face of the block; if discovered in patches these spots would indicate 
the prominent parts, which had to be filed, and the operation of fitting 
was repeated until a satisfactory result was obtained. 


Gas Escape Channel. 


At this stage the cascable was once more withdrawn and the last 
thread was turned off from the end of the screw, so that, when placed 
in the gun an annular space was left all round the end of the barrel. 
From this а cross-channel was cut longitudinally on the right sidef of 
the block -J,th of an inch deeper than the bottom of the threads of the 


screw, forming the gas-escape hole which is seen at the breech. This 
is intended to act as a tell-tale in case the steel barrel should split, and 
the passage must be kept clear in action, though it may be temporarily 
plu Ged with grease and tow, to prevent it from getting stopped up 
with dirt. 

When the mechanical fit was accomplished and the channel correctly 
prepared, the cascable was finally screwed in with great force, and a 
plug was inserted throngh the breech-piece (which entered about half- 
an-inch into the cascable) to prevent its getting loose after adjustment. 


* At one time the cascable was screwed into the breech before the jacket was 
shrunk on, under an ides that the grip of the jacket helped to secure the screw in its 
threads ; but the heat was liable to cause some expansion, and this might be followed 
by irregular contraction, in which case the mechanical fit and good bearing would 

destroyed. 

f In амд made before September, 1869, the channel was placed under the 
cascable; but since that date on the right side, where it may be more easily noticed, 
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Operations after Building-up. 


We may now suppose that all parts of the gun have been put together 
and that the outline has also been given; for in the process of build- 
ing. the gun has had to return to the lathe after each portion was placed 
in position. We come next to the various operations for completing an 
R.M.L. gun, many of which are exactly the same for all kinds of 


- ordnance, including the breech-loading guns which are now being 


made. 

Internally the gun is bored up to calibre by successive operations of 
fine boring, finished boring, broaching, and lupping. А coned end was 
given to the bottom of the bore in most heavy R.M.L. guns; but this 
was not done with the view of making a “ chamber” in the present sense 
of the word; it was “coned” only for strength во as to leave sufficient 
thickness of metal to make good a reduction on the outside of the 


barrel, аз shown in the figure, which was cut away to form a shoulder 
to take the longitudinal thrust. 

The next operation is *rifling." For this the gun has to be placed 
horizontally in а machine; each groove is cut singly, the form of 
groove being given by the shape of the cutter; but the depth is 
gradually attained by slow feeding of the tool after each stroke. When 
one groove is finished the gun has to be turned on its axis to another 
position, and the next groove is cut in a similar manner. Тһе distance 
between the grooves may be obtained by means of a disc on the breech 
or & ring over the chase, divided on the periphery into as many equal 
parts as there are to be grooves in the gun. 


The Rifling Machine. ` 


In this machine the gun remains stationary while the rifling bar, 
Carrying the cutter, works horizontally in and out of the bore; great 
care must be taken in placing the gun that the bar may be perfectly 
true with the axis. The gun-metal head in which the cutter is fixed 
is made to fit accurately in the bore by meuns of burnishers; it is 
fastened to the end of the rifling bar, which is hollow, and a rod passing 
down the centre of the latter regulates the feed of the cutter. 

The horizontal motion of the bar is derived from an endless screw in 
the bed of the machine by means of a saddle, which is made to travel 
on two fixed slides ; a reversing arrangement (which acts automatically) 
is added to regulate the length of the stroke. In machines of an early 
type the reversing is effected by the use of two mitre-wheels gearing 
into a bevelled wheel on the end of the screw on opposite sides; one 
mitre-wheel is attached to its pulley by means of a short hollow 
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spindle, and through this a solid axle can work, which connects the -CHAP. II. 
other pulley with the mitre-wheel on the opposite side; an idle pulley — 

is placed іп the middle, which is attached to no axle at all. When the 
band from the shafting is pushed on to one or other of this set of 
pulleys, either the rifling bar can be made to travel in the direction 
required or the machine can be brought to rest. The automatic 
arrangement consists in a set of levers, which push or pull the leather 
strap from one working pulley to the other. A long rod is carried down 
one side of the machine, and on it a stop is secured near each end for a 
collar (which projects from the saddle) to catch against and so work 
the lever; on its coming into contact the bar is pulled by the onward 
motion of the saddle, the band is shifted to the opposite pulley, and the 
direction of motiom is reversed. The same action takes place when the 
collar comes in contact with the stop at the other end; so the motion 
is regularly changed when the cutter reaches a definite point in the 
bore, and again at another point just outside the muzzle. A hand lever 
is also provided for а workman to start or stop the machine. `: : 

With the use of mitre-wheels it is evident that as much time Quick-return 

is required for the cutter to travel when idle as when it is doing motion. 

its work. А “quick-return” motion is now given to most of the 
machines, by which there is much saving of time. This is generally 

effected by employing two sets of pulleys of different diameters on а 
prolongation of the screw-shaft itself; a strap for each set is required, 

one of which must be twisted or crossed to give motion in the contrary 

direction to the other. Only the outside pulley in each set is a working 

one, all the others being necessarily idle, and the rate of driving the 

screw can be made to vary with the different size of the pulleys. 

To give a twist to the groove it is necessary that the rifling bar Twisting 

should turn round on its axis at the same time that it moves in and out motion. 

of the gun. The amount of this turning round on it axis will determine 

the spiral described in the bore. To effect this a rack is placed in the 

saddle, which gears into a toothed band on the bar; the rack works be- 

tween guides, which compel it to travel at right angles to the direction 
of the bar ; it is pushed or pulled across the saddle by means of two 
friction rollers which have to follow the edges of a copying bar, and Copying bar. 
thus the rifling bar is turned round on its axis. With uniform twist 

the amount will depend on the angle at which the copying bar is 
attached 10 the machine, or any curve may be given to the latter and 
this curve will be strictly reproduced in the groove. By changing the 
copying bar one machine will suffice for any description of rifling, and 
also for different provided the right length of stroke can be given. 

` The formule for construction of copying bars have already been 


given; with ordinary conio parabola y ан 


Ав ап example, suppose that n= 85 and ¿= 100 inches. Then 
у= 75 (%). Now let $ have all values from 0 to 100 ав closely 1 
(с.о.) к 
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ав may be required, say 10, 20, 30, &c., and let be represented by 


с; then у = с, 4c, 9c, &с.; во the curve ОС may be drawn. 

The cutter is made of very hard steel, set firmly in the middle of the 
rifling head in a carrier or slide, which is capable of moving in a slot at 
right angles to the axis of the rifling bar. The movement of the slide 
is effected by means of a square-headed spindle, the head of which 
works in an inclined slot near the end of the solid bar, which passes 
down the whole length of the hollow one. On pulling this bar the 
square-head must adjust itself in the slot, and so force the cutter 
towards or away from the surface. The action of bringing the cutter 
into play and of withdrawing it within the recess is regulated by an 
automatic arrangement on the opposite side of the machine to that 
on which the күз bar is attached. This consists of two level 
surfaces, along which a weighted lever can travel backwards and for- 
wards, while the short arm of the lever is ‘able to act ou the feed 
bar. When the rifling-head is passing into the gun the weighted 


BIFLING HBAD. 


lever moves on the upper surface, and in its raised position it pushes 
the feed bzr, and the cutter is drawn into the recess. When the motion 
of the machine is reversed the lever is prevented from returning along 
the same level by means of a tripper, then by falling to the lower surface 
it gives а pull to the feed bar and the cutter forced out to its work. 
The weighted lever now travels along this lower level, and at the other 
end of the machine (just at the time when the motion is reversed) it is 
compelled to ascend to the upper surface again, and so draws the cutter 
into the head. Тһе cutter is fed out more and more after each stroke 
by regulating the position of the feed bar, one end of which is secured 
in the saddle; on this end а screw-collar is fixed, and after each stroke 
a small turn is given to а hand-screw on the top, by which means the 
feed bar із drawn back and a different part of the slot is brought into 
action ; each small turn of the hand-screw in direction of feed sufficiently 
alters the cutter until the full — of groove is attained, and this point 
must be carefully watched by the constant application of a gauge, 


Splay and Bell-Mouthing. 


The 6:6-inch, 10-inch, and all larger natures of R.M.L. guns have the 
loading side of the groove cut away at the muzzle, with the object of 
facilitating the operation of loading. The extent of splay differs, but a 
full splay may be said to remove almost the whole of the lands near the 
muzzle, во that the studs may enter the bore in whatever position the 
projectile should happen to be raised; on pressing the shot into the gun, 


MANUFACTURE ОҒ R.M.L. GUNS. 131 


the studs follow the edge of the splay and bring the shot into position 
for being rammed down the bore. Without splay it would be necessary 
to have the Junone raised exactly in the right position for loading, or 
else it would be necessary to turn the shot cmd и in its sling; in either 
case the loading would require much more attention and time. 


SPLAYING OF GROOVES FOR GUNS OF 10-INCH_AND UPWARDS. 


7 — cg 


Section showing Bell-Mouthing of Bore. 


All 10-inch and upwards are also * bell-mouthed" at the muzzle; 
that is to say, the metal round the entrance to the bore is filed away 
to the extent of a quarter of an inch, the slope is then carried to a 
distance of one inch and a half down the bore, and the sharp angles are 
further removed especially on the face of the muzzle. The bell-mouth 
has been added, like the splay of the grooves, to facilitate the operation 
of loading, but it also relieves the strain on the barrel when the shot 
is just leaving the muzzle, and so tends to prevent a crack starting in 
` that part of the tube. 45 


£F bh 
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Venting 


With very few exceptions all R.M.L. guns are vented through the 
middle of & copper bush set radially in the upper part of the breech 
of the gun. Field and siege ordnance which are liable to be fired with 
reduced charges, are generally **rear-vented," that is to say, at the 
extremity of the bore; there is a notion, too, that by igniting the charge 
5 the end all residue and smouldering matter wculd be driven out of 
the gun. 

From experiments in 1863 it appeared that the best ballistic results 
were obtained when the cartridge was ignited almost at the middle. It 
was therefore decided that heavy guns should be bushed in a “ forward” 
position, and a rule was established that the vent should strike the 
cartridge at a distance of 2,108 of its length from the end of ЧЭ bore. 

к 
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Some medium guns which were rear-vented at first have since been 
re-vented with a bush in forward position, the old hole being plugged u 
with steel. A gain of velocity was brought about by this change, wit 

reater uniformity of pressure in the gun: wave-action was also 
iminished, and with it a cause for premature explosion of shell. 

Chambered guns, such as the 13-pr. and others, are exceptions to the 
foregoing rule, for these are vented in the middle of the chamber: if 
reduced charges should ever be fired they ought to be made yp to 
full length. The 12°5-inch Mark II and all heavier guns are fitted 
with axial vents, so they form an exceptional class. А description of the 
axial vent will be found in the next chapter among the fittings and 
stores for these guna. Vide also p. 206. 

The vent-bush is a cylinder of hardened copper 14 inches in diameter, 
with а screw thread 41, inch deep, having a pitch of seven threads to 
the inch. The length varies for thickness of metal in the gun. 
At one end а square head is provided for screwing the bush into posi- 
tion; at the other the cylinder terminates in the frustrum of a cone 
1} inches in length and inch in diameter at the smallest part. 

For 9-inch guns and upwards the thread is limited to a length of 
6 inches from the top of the cone, the upper part of the bush being 
smooth, for this amount of screw thread has proved quite sufficient to 
hold the vent-bush in its place. 

The vent-channel is 0°22 inch in diameter for guns of every descrip- 
tion, but the mouth is rimed out for sea service to suit the quill friction 
tubes to a diameter of 9°28, the taper extending to the depth of an inch. 

The bush of the 7-pr. gun is exceptional, both in size and screw 
thread, having 18 threads to the inch, and being only 0°625 inch in 
diameter. 

For proof, steel bush was always fitted to a gun the cone of which 
was slightly smaller than that on a bush of service dimensions ; this bush 
was afterwards exchanged, the cone being rimed out, and any risk of 
the copper being set up by proof was in this manner avoided. 
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Examination before Proof. 


All guns аге most carefully examined after leaving the workshops 
before being subjected to proof. The bore is gauged to a thousandth 
of an inch, both vertically, and horizontally, at points 3 inches distant 
all the way down. Gutta-percha impressions are taken of the whole 
length of the bore in four quarters; also separate impressions of the 
chamber when of larger diameter than the bore, and of the region of 
the vent or of the end of the bore when required. 

Proof rounds are next fired from the gun. These differ in their pro- 
portion to the service charge according to the nature of piece :—the 
smaller R.M.L. guns were all proved by firing two rounds with a charge 
1} the amount intended for service, and a solid cylinder of the same 
weight as the service projectile. 

For heavier guns, viz., 8-inch and upwards, the proof consisted of 
one service round, being the battering charge assigned to the gun, and 
two rounds of proof charges which were either 1} the previous amount 
or such other quantity as might be laid down for each particular nature. 
Special charges were necessary when the cartridge became excessively 
long, for a small increase of powder will then sometimes give а con- 
siderable increase of үчен, Accordingly for 9-inch and heavier 
guns the following acale was drawn out for proof :— | 


MANUFACTURE OF R.M.L. GUNS. 138 


Battering Proof 
charge. charge. CHAP. II. 
9-inch ee ee .. 50 Ib. Р. .. .. n lb. P. 
10 „ - T .. 70 , .. .. 5, 
u d 25 tons 02. 85, е а Шы 
12 ,, .. 35 tons es 110 ,, .. ee 115 ,, 
125, Мы .. 160 Ib. P? 900 .. 1801. p: 900 
А 801 А 29-0 
| 55 10 Ib. AP ; p] e 
125, Mark II 210 lb. Prism бол 225 Ib. Prism 0966 


There is а double object in testing а gun with these charges, for not 
only does the proof guarantee that the gun is strong enough for the 
ammunition on service, but it settles the shrinkage and tension in all 
parts of the gun. 

After firing gu. are further tested by water pressure in the bore, Water test. 
to the extent of 120 lb. on the square inch. This test was first insti- 
tuted for guns with wrought-iron barrels having various forms of 
loose end, to ascertain that the breech was perfectly closed; it was 
afterwards continued with solid-ended steel barrels to make sure that 
the end had not split. 

When these tests are satisfactorily passed, a gun is carefully Examination 
examined again. Sometimes the shrinkage із во great that the mensure- ай ег proof. 
ments after I show contraction іп the bore; expansion to any great 
extent would be an indication of weakness. Again, the coils may соп- 
tract longitudinally, and this at the muzzle will cause an ap nce 
as if the barrel had shifted; ccntinued firing on service may also have 
this effect. Gutta-perchai mpressions are taken once more, and these 
аге compared with the first set; if а defect has been developed, or 
if any. mark previously noted has perceptibly increased, the gun is 
further subjected to five service rounds and the examination repeated 
until the gun is either passed or condemned. The impressions of any 
defects (which are generally tool marks) are — for reference if 
necessary at any future time. 


Operations after Proof. 

After proof the bore is — out once more to remove any scratches After proof. 
or burrs which might have been caused by the firing. 

The Royal monogram is stencilled in outline upon the correct part Royal mono- 
of the gun, and afterwards engraved by hand labour. gram. 

The piece is weighed, and the weight is stamped on the breech. A Weight. 
strong steel-yard is used for this purpose which is capable of weighing 
25 tons; if the gun, however, is heavier than this, the jacket and other 
finished portions must be weighed separately before they are shrunk up 
together. All heavy guns are new generally weighed in two or three 


parts. 

The preponderance is taken by means of a Kitchener’s weighing preponde- 
machine. For this the gun is — at the trunnions — оп — 
steel plates or bars, and its axis is brought horizontal by а handspike іп 
the bore while a spirit level is placed on the breech. In this position it is 
scotched up on the weighing machine by a block under the breech placed 
at, or midway between, the points of attachment of the elevating gear.* 

The line of metal is now marked on the gun. This is the basis of all Line of metal. 

“sighting arrangements, and is generally obtained in the following 
manner :— 

The gun is placed on a perfectly level and smooth iron table, cross- 


% Lines showing the position of the centre of gravity und half weight are marked 
on most 8-inch guns and upwards by this means. 
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levelled itself over the trunnions and in the bore. To find the line 
of metal alone it is not essential that the axis of the bore should be 

uite horizontal, but for other lines which are usually found at the same 
time this adjustment is necessary. The first step then is to place a silk 
cord in the exact centre of Ше Dao at the breech and the muzzle to 
— the axis of the piece; this thread is carried on to a standard 
afew yards in front of the gun, and another line is obtained in the 
same vertical plane sufficiently high to rest on the top of the breech. To 
find the position of the axis a centering block is passed down the bore 
which exactly fits the calibre of the gun, and the cord is attached to 
the centre of this block. At the muzzle a plate is secured which has а 
small hole in the centre for the cord to pass through ; this plate must be 
accurately set with a level, and the cord brought to the exact centre 
of the hole by means of horizontal and vertical pointers. The axis 


. line is extended some yards to the front of the gun, where the thread is 


made fast to a moveable vertical standard, which must be carefully 
plumbed. The thread is then carried upwards in the same vertical 
plane to a higher part of the standard, and thence back through the 
plate on the muzzle to a “ breech-gauge” on the gun. By adjustment 
in the plate at the muzzle the cord is there brought vertically over 
the lower thread; consequeutly the two threads are in the same 
vertical plane thronghont, and at the point where the cord is made 
fast at the breech it is vertically over the axis. This gives the position 
for the line of metal, which is marked on the cylindrical part of the 
breech by a line about 2 inches long. 

Vertical and horizontal lines are then marked with a scriber on the 
face of the muzzle along the edge of slots cut in the plate ; horizontal 
lines are also marked with a scriber (which is set to the thread at the 
muzzle and tested by the lines on each side) on both sides of the muzzle 
and breech for the purpose of adjusting the fittings; for these lines of 
course it is necessary that the gun should have been previously levelled 
in the bore. 

On the right trunnion both vertical and horizontal lines are 
engraved in the case of 40-pr. and all heavier guns. The vertical line 
may be used to lay the gun “ point-blank” with a plummet, and the 
horizontal line may prove useful for giving elevation with a clinometer 
or when firing at angles of depression. : 

With small guns that can be turned over by hand on the table, there 
18 а more simple method for finding these lines. When the gun has 
been carefully cross levelled, a plate is attached to the muzzle which 
must also be levelled before it is clamped. А всгіһег is then 
set to the upper edge of а slot in the plate, which must of course ђе 
true for both sides, and with this the horizontal lines are marked 
on the muzzle and breech. When the gun is turned round through a 
quarter of a circle so as to bring the axis of the trunnions in a vertical 
position, the same process is repeated, and the line of metal is then 
marked on the gun. 

The proof-vent is now exchanged for а service bush, to receive which 
the cone in the gun has to be slightly rimed out. When the copper 
bush is firmly screwed in, a gutta-percha impression is taken of the 
part that projects into the bore; having marked the direotion of the 
muzzle on the head of the bush, it is taken out of the gun and inserted 
in the same position as before in the gutta-percha impression, so that 
а line may be scribed round the cone corresponding to the surface of 
the bore. The end of the bush is then filed to what is technically called 
a '* button-head,” so as to fit perfectly in the gun round the edge, while 
the centre is left full to a thickness of about 0-075 inch. When the inside 
is satisfactorily finished, as shown by another gutta-percha impression, 
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the surplus metal at the top is sawn off about one-fifth of an inch CHAP. II. 
above the surface of the gun; the copper is freely trimmed off outside — 
tht bush and in the vent channel, and the rest of the metal is then 

hammered down to set it into the threads and prevent the bush from 

becoming unscrewed. The channel must afterwards be rimed out to 

gauge, and for sea service the mouth is enlarged with a vent-rimer 

which is supplied for this purpose. 

Sighting is one of the next operations, and this requires very Sighting. 
great accuracy and care. Small guns have fore-sights screwed into 
the piece; the adjustment of these is exactly the same in the first 
instance as in a case of repair, except that sighting instruments are 
used in the workshops, and that holes must be first drilled in the 
gun. A description of the method of repairing these sights in the field, 
with the tests for adjustment, will be found in Part IV of this work. 

The 25-рг. В.М.Г. рап and all heavier natures have removable 
sights, and the adjustment is then made in the sockets which are let 
into holes in the gun. 

When drilling the holes for sight-sockets the gun is placed Drilling holes 
horizontally under a radial drilling machine, and as the tool is perpen- for sigh 
dicular to the arm, and the eg ig ЕГЧ are required to be set at an *%ckets. 
angle of permanent correction for drift, the gun is turned round in a 
contrary direction to the angle of sighting till the trunnions are inclined 
at that angle. A breech gauge and muzzle plate having been correctly 
attached to the piece, silk threads in pairs are stretched from one to 
the other, between which the dri!l must perform all its work without 
cutting either of the threads: the right and left pairs are placed on 
the gauge equidistant from the centre, but in consequence of turning 
the gun on its axis through the angle for correction of drift, the 
position of the holes on the gun with regard to the line of metal is 
not equidistant when the trunnions are brought horizontal. The dis- 
tance of the holes from the breech gauge is determined by a steel 
bar, and the arm of the machine is brought over each spot in suc- 
cession without altering the position of the gun. The holes for the 
fore-sights are drilled in a similar manner, but the axis of the trunnions 
is then placed horizontal. Their position is found from the radial 
distance assigned to the sights, measured parallel to the axis of the 
piece. The thin edge of each hole or recess is rounded off to prevent 
injury when shifting and moving the gun. 

The sockets are fitted by hand with dummy sights, and they are made 
of gun-metal to obtain a perfect adjustment: when accurately fitted 
„+ are secured by fixing screws. 

n addition to the lines mentioned already as engraved on a gun, the Other marks 
broad arrow and actual weight are engraved in front of the vent; and оп в gun. 
since 1875 the angle of correction for drift has also been stamped on 
the breech. 

On 9-inch and heavier guns, up to the 12-inch of 25 tons, a letter D 
should be found in front of the centre-hind-sight, which has been 

laced on all qusa whose sockets have been deepened to receive the 
engthened sight | 
о lines are cut across the upper surface of the breech to indicate 
the unrifled part of the bore: the one shows the end of the rifling, and 
the other the end of the bore. 

Similar cross lines are cut on 64-pr. and all heavier guns to show the 
position of the centre of gravity, and on the 8-inch and upwards, the 
point of “half-weight”; the latter being over that part of the chase 
where one of the slings should be placed when the other is under the 
cascable, in order that the gun may be raised horizontally. 

The material of the A-tube is stamped on the face of the muzzle; 
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and a number also which only refers to its registration iu the books of 
the Royal Gun Factory. 

On the left trunnion will be found (1) ths name or initials of the 
factory or firm where the gun was manufactured; (2) the registered 
number of the piece; (3) the numeral which indicates pattern; and (4) 
the year in which it was made. The numbers run consecutively 


through all guns of one nature, and do not recommence with each 
mark. It is most important that this number should be stated correctly 
in all returns and reports, for it may be the only means of identifying 
the gun in the War Office records. 

A “heel-scale” was formerly engraved on the cascable for all the 
8.8. guns for which wood-scales are provided. The graduations on 
this scale refer to a radius distance on the axis of the piece from the 
centre of the trunnions to the rear face of the cascable, where the scale 
is engraved. It usually reads to about 3$ degrees above and below 
гего. 

Іп 25-prs. and all smaller natures, the cascable is slotted underneath 
to receive the head of the elevating screw. 

Heavy guns were formerly scored under the breech on each side, 
with the object of preventing the handspikes from slipping when 
ехо for giving elevation. This was no longer required when 
elevating racks were adopted. On a few guns in the service these 
marks may be found now on the upper side of the breech, because the 
guns have been “ turned over,” revented, and the fittings readjusted. 

Pivot pieces and elevating plates are attached to each piece accord- 
ing to the method of mounting: also index plates on heavy guns and 
the guide plate, friction tube pin, ёс. ог sea service. The position for 
each fitting is carefully ascertained by means of a template or gauge 
from the lines marked on the gun: screw holes are bored and tapped 
for these fittings, which when properly attached are stamped with the 
number of the gun to which they have thus been adjusted. 

9-inch guns and upwards are now always prepared for muzzle 
derricks. 7, 8, and 9-inch R. M.L. guns were formerly furnished with 
two studs in the face of the muzzle to support the shot bearer. In 
1871 these studs were abolished, and preserving screws should be 
placed in their stead. 

Trunnion studs have been fitted to R.M.L. guns of 38 tons weight 
and upwards, as a great convenience for mounting, especially in case- 
mates when using the box-girder frame. 

When а gun is completed with all sights, fittings, &c., it is finally 
examined, and painted or browned before issue to the Commissary- 
General of Ordnance. 25-pr. guns and all larger natures are painted 
with Pulford’s magnetic paint, and the bore is coated with lacquer ; 
smaller guns for L.S. are browned on the exterior and the bore із 
left clean and bright, but for sea-servico all guns are painted without 
respect to their size. 

À Memorandum of Examination is delivered with every gun to the 
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Commissary-General of Ordnance, which contains а description of the 
pes and а жиш to show its construction, dimensions, &c.; on the 

t page are noted any marks or apparent defects to guide an examiner 
at a future inspection, and all ge зэр” repairs in the Arsenal are 
entered here for а similar reason. the second page a diary is 
prepared to show the whole history or life of the gun; every round 
should be registered whether fired with a projectile or blank. Inside 
sheets to keep up this register can be obtained on application to the 
Superintendent of the Royal Gun Factory. A few general instructions 
are added on the 8rd or 4th page, which may prove useful to the 
officer in charge of the gun.* When the piece is handed over from one 
charge to another, or returned into store, this Memorandum of 
Examination must invariably accompany the gun, and be mentioned on 
the receipt aud delivery vouchers. 


* Тһе form of а Memorandum of Examination is given at the end of Part IV, 
р. 371. Inside sheets can now be obtained from the Store Department. 
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PART 11. 


CHAPTER ІП. 


SIGHTS, FITTINGS, AND STORES FOR ЕМГ. 
ORDNANCE. 


Sighting of Ordnance.—Centre and side-sighted guns.—Principle of service 
sighting.—Forces acting on a projectile in air.—Effect of gravity.—Resistanco of 
the atmosphere.—Drift.—Method of determining the angle of correction for drift. 
—Jump.—Shot's trajectory.—Sight-points on a gun.— Rough and fine laying. 

Service sights.—Fore-sights.—Muzzle-sights.—Trunnion-sights ; Screw and drop 
pattern.— Centre-fore-sighte.— Hind or tangent sights.—The Burton instrument 
for engraving tangent scales.—Graduations marked on hind-sights.—Long and 
short radius.— Deflection leaf.— Centre-hind-sights. — Longthened pattern.— 
Centre-hind-sights for 12 and 12:5-inch guns.— Table of latest marks of all 
tangent and centre-hind-sights. 

Special sights.—Index plates.—Elevating агсз.— Wood scales.—' Table of wood 
scales for S.S. guns.—Clinometers.—Q uadrants.— Graduated arcs on metal racers. 
—Hauging scales.—Cross-bar sights.— Turret sights.— Compound turret sights.— 
Reflecting sighte.— Chase sights. — Sights for Moncrieff carriages, Marks I 
and II.—8Special sights for 6:6-inch and 100-ton R.M.L. guns. 


Fittings and small stores.—Shot bearers.—Slinging cascable.— Counter-balance. 
— Cradle.—Derricks.—Extractor.—Gwuide plate.—Hand rifling machine.—Fric- 
tion tube pin.— Pivot pieces.—Prickers.—Set-screws.—Spanners.—Spikes.—Trun- 
nion studs.—Wrenches.— Shutter.— Axial vent.— Table of sights, fittings, and 
stores for each nature of R.M.L. gun. 


Вегове entering into the details which will have to be pointed out 
concerning each nature of gun, it will be advisable to describe generally 
the systems of sighting and other means which have been provided for 
laying ordnance, so that these arrangements may be clearly under- 
stood when mentioned hereafter in connection with any of the guns. 

The service sights consist of one, two, or three sets, a set being 
generally two sights, one fixed and the other adjustable; but a third 
sight may be found in one or two cases as part of the set. 
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Small guns as a rule have only one set, and these are placed on the 
line of metal or top of the gun; such guns are said to be “ centre- 
sighted." Medium pieces are provided with two sets, & pair being 
affixed to each side, and these may be called “ side-sighted” guns; the 
side position was adopted for greater convenience in laying, while 
a second set affords the advantage of maintaining the gun fit for action 
after one sight has been irretrievably damaged. 

64-pr. RALL. guns and all heavier natures as a rule are both side 
and centre-sighted, the centre-sights having been added to meet the 
contingency of firing at a moving object when the gun is traversed to 
the full extent of the embrasure. and the object is approaching from 
the side to which the muzzle of the gun is directed; in such a case the 
line over that side might be obscured by the parapet, while the other 
sights would be of no use, for the muzzle itself would hide the object 
from view. 

To understand the principle of laying a gun and the peculiar methods 
of attaching the sights, one must consider the forces at work on a 
projectile after leaving the bore. These are gravity, resistance in the 
air, and some force or condition of motion which deflects the shot from 
а straight path. 

Gravity tends to bring down the projectile to earth, but this may be 
counteracted by throwing the shot upwards, that is to say, by giving 
elevation to the gun, taking care to direct the axis to the same height 
above the object, as the foroo of gravity would draw it down іп 
the time required for flight. Practically the amount of elevation for 
range is determined by firing the gun at different degrees of inclina- 


tion, and measuring the distance of impact or graze on perfectly level. 


ground. 

Resistance in the atmosphere retards the motion of projectiles, and 
consequently affects both range and time. Its effect is felt in the 
vertical as well as the horizontal components of motion, but not to the 
same extent, retardation being in proportion approximately to the cube 
of the velocity and area of the surface which is offered to resistance. 
With a low trajectory and high initial velocity in the shot the vertical 
component may generally be neglected. Retardation of projectiles 
has already been discussed as fully as the limits of this book will 
permit, but the effect of atmospheric resistance on range may be 
clearly exhibited by taking any example :—e.g. 

The 13-рг. В.М... gun with a М.У. of 1,595 f.s. will in in 5:8 seconds 
of time give а range of about 2,000 yards: in vacuo the distance 
traversed with the same initial velocity and in the same time would be 
2,818 yards, which shows а loss of range дио to resistanco cf air of 
about #ths of the distance in space. This proportion will vary of 
course with different natures of guns, or rather with і::егепё pro- 
jectiles and their respective initial velocities, but it is always a con- 
siderable amount. | 

Ав regards the effect on height of а trajectory, we are unable to 
make a similar comparison, for the force of gravity has only been 
determined in air. The expression 4 ë will give the maximum height 
in feet (approximately), but this is obtained from the general formula 


is (5) for half the time of flight, and it involves taking the force 


of gravity at the value assigned to it near the surface of the earth. 
We come next to the deflection of a shot from the vertical plane in 
which the axis of the gun is directed. This is termed the “ drift” of 
the projectile. The causes of drift are mysterious and very complex, go 
that uo definite explanation can be given; it may be due to gyration 
of the shot, or to unequal pressure or friction on the surface, when 
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ОНАР. ПІ. spinning in the air;* but whatever the cause, it is known that with 


Геїегпипа- 
tion of drift. 


right-handed twist of the rifling a pointed projectile will drift to the 
right, and with left-handed twist it will drift to the left. The amount 
of deflection is also irregular and cannot be reduced to a law, depending 
upon the form, weight, velocity, and spin of the projectile; this point 
has therefore to be practically determined for every nature of gun. 

The method adopted is by firing at Shoeburyness, Several series of 
rounds are fired on a still day at different elevations, say 1°, 3°, 5°, 7°, 
&c., the gun being always laid on the same line, and the elevation being 

iven by а quadrant. Тһе shot will fall in groups to the right of the 
ine, and the mean distance of each group is taken as the deflection for 
that range which must eT be attributed to drift. These points 
may not lie in a perfectly straight line or furnish а constant angle of 
deviation from the straight line, but they will iudicate the general 
shooting of the gun, and а mean angle of correction can be worked out · 
from these data, at which the hind-sight should be set in the , 80 
as to direct the axis to the left of the object by an amount which shall 
always bear the propor proportion to range. 

The calculation may be explained by the aid of a figure: let HV repre- 
sent a hind-sight raised vertically for giving elevation, say e; let F be 
the —— апа let ҮЕ Ъе directed оп ап object аб О. Тһе mean 
deviation for each group of shots for different values of е шау ђе 
shown by the о D,, D:, &c. Таке the measured distance OD as 
equal to 4, when the range ЕО =К; join DF and produce it to Т; 


then join TV and TH, taking care that the line TV is at right angles 
to ҮЕ and in the same horizontal plane. | 
Then Т is the point at which the head of the hind-sight ought to be 


* A spinning teetotum will drift in the direction of spin, and в cylindrical body 
revolving on its axis will roll to one side if dropped on а hard surface like earth ; 
in the same way we can readily suppose that ап мин projectile —— in 
contact with compressed atmosphere underneath, would have a tendency to drift in 
the direction of revolution of the shot. 


тал 
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placed to throw the axis of the gun sufficiently oblique with the line of CHAP. II ^ 
sight for the shot to strike the object at O instead of falling at D. — 
Then the angle VHT ог ë шау ђе found in the following шаппег:— 

By similar triangles TV: VF:: 00: OF::d: 8. 

But TV = HV tan VHT; and VF = HV cosec е. 

So tan VHT or tan == совес в. 

The value of 5 should be worked out for each range, and the mean 
taken as the angle of correction for drift. 

There is yet one other correction which cannot be altogether ignored Jump. 
when calculating the yard-scale which is generally inscribed on the 
Sights; this is commonly known as the “ jump." 

lt is practically found that the muzzle is almost always thrown 

upwards on firing to the extent of some minutes of elevation or perhaps 
even half a degree, before the shot has left the bore of the gun. This 
angle of increased elevation or jump seems mainly to depend on the 
carriage or system of mounting, for in some carriages of modern con- 
Struction it has been found that thé muzzle may be depressed, and the 
jump therefore have a negative value. Whatever its value may be, 
it must directly affect elevation, and a correction has to be made in 
the range table, especially for high-velocity guns. The amount of 
jump must be determined by practice. 

From these remarks it will be understood that the path of a projectile Trajectory. 
in air does not follow any straight line, but the trajectury lies in the 
midst of several lines which may be drawn from the muzzle, or sights 
on a gun; to facilitate the work of laying a piece with service sights, 
the line of sight is made adjustable to the axis, so as to eliminate as far 
as ible ай calculation in practice. 

wo points outside the gun are required to give this adjustable line, Sight points. 
and these points are known as the “sights.” The fore-sight, which is 
usually fixed, gives one point at a certain distance from the axis of the 
piece; the hind-sight is placed in a socket at the correct inclination to 
а vertical plane, with an arrrangement for clamping 45 at any height, so 
as to give elevation and eliminate automatically the constant correction ` 
for dritt. Force of wind and speed in the object must of course be 
computed on every occasion, and other means are provided for meeting 
these variable conditions of fire. 

All hind-sights for rifled ordnance, with very few exceptions, are Deflection. 
fitted with a sliding leaf, which carries the notch through which the 
line of sight is to be taken. This leaf is graduated with a scale for 
deflection right and left of the zero point, and when set in position it 
must be clamped by a thumb-screw ; in modern sights this arrangement 
has been improved by the adoption of a traversiug-screw, which dis- 
penses with the necessity for a clamp. Barrel-headed sights are also 
used in which deflection may be given by turning a mill-headed-screw 
on the head to the right or the left. 

The depth of the notch was formerly 0-06 inch for land service, and Depth of . 
the sights were adjusted for the line to be taken through the bottom of notch, 
the notch. For S.S. this was afterwarda deepened to 0:15 inch, but the 
adjustment of the line of sight was unchanged. Тһе deeper notch was 
subsequently adopted for all heavy guns, i.e., for the 64-pr. and upwards, 
for the sake of uniformity of pattern. Іп 1882 а question was raised 
at Shoeburyness as to the relative merits of taking a fine or full sight; 
opinion decided in favour of the latter as being less tiring ta the eye, 
and therefore conducive to accurate shooting, especially in continuous 
fire. With this object, and to meet the conditions laid down in the 
Manual of Artillery Exercises, it was then ordered that all L.S. guns 


ғ 
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OHAP. III. should in future he sighted for а “ full-sight”; so the line connectin 
— the apex of the fore-sight and the top of the notch is now made paralle 
to the axis of the piece. i " d 


Service біонт8. 4 
Service sights. | Various descriptions of sights are supplied with different natures of 
ordnance, which may be generally classed ав service or special sights. 
А similarity in principle runs through all those of service pattern, and 
naturally they claim first attention. 
Service sights are divided into fore-sights and hind-sights; there are 
several varieties of each, but they are not interchangeable one with 


another. 
Fore-Sights. 

Fore-sights. The term “ Фюге- 1$” embraces all those which are known as 
muzzle, trunnion, and centre-fore-sighta, These names refer to their 
position on the gun. 

Muzzle-Sights. 
== Muzzle-sights will be found of four patterns, viz. :— 
MUZZLE-BIGHTS. 
A B 


(А) Small hog-backed sights, which are screwed into a recess in thc 
muzzle on 9-pr. land service guns, and on the 64-pr. of 58 cwt. 
(B) Pillar-sights, which are screwed into the surface of the muzzle on 
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7-pr. guns of 200 Ib., and 9-pr. S.S. guns of 8 cwt., Mark II, and 6 cwt., 
Mark III; the height being required to make up for the absence of a 
swell at the muzzle, and to raise the line of sight above all the fittings 
of the breech. 

(С) Block-sights, which are attached to the muzzle of 9-pr. 8.3. guns 
6-cwt., Mark I, by three fixing screws: and 

(D) Window-sights, for rough and fine laying, such as are fitted to the 
18-pr. R.M.L. gun, which drop into a dispart patch on the muzzle, and are 
secured in position by а Кеер-ріп with a spring ring. An acorn is 
fixed on the top to be used in connection with an ordinary notch on the 
hind-sight, and cross-wires are placed in the window below for fine 
laying а а small eye-hole which is situated below the notch іп the 

ind-sight. 

- When these sights are not required for use they should be removed 
from the gun for safe keeping, and preserving blocks should be put in 
their place. 


_ Trunnion Sights. 
Trunnion скн may be of two kinds, either screwed in the (ре ог 
removable with a bayonet joint. When screwed іп they are pillars of 


steel with a rough leaf at the top, which must be filed to a hog-backed 


shape so as to fulfil the conditions of adjustment, after being fixed on 
the gun. When damaged it will be generally sufficient to exchange the 
leaf. Аз it is difficult to regulate the tapping of a screw thread so ав 
to bring the leaf parallel to the axis of the gun these sights require 
careful adjustment, and they must always be used in the positions to 
which they have been fitted. Screw trunnion sights are now only used 
with the 16-pr. R.M.L. gun and the lighter natures of В. B.L. guns. 
The removable kind are termed “ drop-sights," because they can be 
kept safely in store and readily dropped into their sockets when 
uired for use. 
drop-sight consists of а pillar and collar of gun-metal with а ашай 
steel leaf at the top, and a screw for fixing the leaf. The socket also 


Р 
is made of gun-metal permanently fixed in the gun, and adjusted by 
means of а *gauge-sight, The drop-sight is secured in its socket by 


sighte. 


Drop sights. 
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CHAP. ПТ. в double bayonet joint. To remove it the collar must be raised and 
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the pillar turned round а quarter of a circle; when fixing, the operation 
is simply reversed. These sights are interchangeable for all guns of 
the nature to which they belong, but as the leaf is fitted and tested on 
а particular gun before issue, the sights and sockets are stamped with 
corresponding numbers and also with the number of the gun that they 
may always be used if possible in their right place. 


Centre-Fore-Sights. 


Centre-fore-sights are always made of the “drop” pattern, but they 
are —— shorter than the — at the side; consequently they are 
not interchangeable with the latter, or available for other natures of 
guns than those which are specified on them. ` 


Hind-Sights. 


Hind-sights are either called “tangent” or “centre-hind” siglits, 
according to their position on a gun; they are all tangent sights by 
duation, only the term centre-hind-sight was adopted to distinguish 
those which were made of a special pattern, and graduated for a 
different radius distance, 1 
The name “tangent-sight” is derived from the fact that the length of 
the bar for any given elevation on the gun must always be equal to 
the tangent of that angle with а radius equivalent to the distance 
between the two sights. ` 
The length of а tangent-sight may be found from the formula 
T=rtane. The length for each degree must be found independently, 
because the value of the tangent increases more rapidly than the ved 
itself; even the subdivisions of a degree are calculated also when the 
radius distance is sufficiently long, but otherwise the small readings are 
obtained by division. | . | 
An ingenious machine was invented by а foreman named Burton in 
- the Royal Gun Factory, for engraving the scales on a tangent-sight bar. 
A copying cylinder or cum was first made for each nature of gun; when 
fixed in the machine this governs the pro of the bar under the 
cutter, by means of а pin fixed so as to work in the grooves of the cam 
which are cut at the exact distance apart required for the divisions on 
the scale; the face of the bar is made to reciprocate under the cutter 
once for each revolution of the cam, and so the scale is engraved with- 
out а chance of mistake, and every bar must be exactly alike. 
Tangent-sights have passed through many changes of pattern, but 
the present form may be generally described as в rectangular steel bar, 
rounded off omtwo sides, and fitted with pie head, in which the 
deflectior teaf can be adjusted-snd-clanp : — Р 
For land service a slow motion screw was added to the head of the 
bar in the 16, 25, 40, and Mark III 64-рг. R.M.L. guns for giving eleva- 
tion to а minute; but this will not be found on any other sights except 
those for the 12:5-inch L.S. gun with which this arrangement has been 
revived.” ` | 
The tangent scale is engraved, as a rule, on the front of the bar, and 
it is well to bear in mind that this is the only permanent scale on the 
sight; all others are liable to change with any variation in charge, &c. 
А range scale in yards, deduced from special practice, is engraved on 


* А few have also been made for 35-ton R.M.L. guns for L.S., but most of tho: 
guns of this nature are mounted in turrets on board-ship, and are therefore provided 
with other systems of sighting. In the 25-іпсі gun this arrangement been 
applied to the clamp. 


SIGHTS, FITTINGS, AND STORES FOR R.M.L. ORDNANOE. 145 


the hind face, and on one side will be found the corresponding -QHAP. Ш. 


length required for the fuze. Yards and fuze scales are given as far 
as possible for the different charges and projectiles used with the 

but these scales must depend on uniformity in the conditions of firing ; 
any chenge in the quality of the powder, in the density of the charge, 
or in the weight of the projectile, &c., will cause a change in the muzzle 
velocity, which will affect the shooting of the gun if simply laid by the 
estimated distance in yards, ' 
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Two tangent-sights of different lengths are supplied with each 7,9, and 
18-pr. R.M.L. gun. The shorter one only may be carried in the gun; 
for higher elevation than the maximum given on this scale the longer 
sight must be taken instead; it is too long to be kept in the gun, for 

‘the projecting part underneath would be liable to get bent or damaged. 

The deflection leaf on all sights was formerly graduated to give 80 
minutes deflection right and left, but this has proved to be insufficient. 
Additional deflection has now been given to most heavy guns to the full 
extent that alteration of the sights could be easily made; the extension 
was effocted by increasing the length of the slot in the gun-metal head, 
во as to allow a greater travel to the leaf. The amount of deflection 
on the latest pattern sights for R.M.L. guns may be found in $ 8963; 
it is also given in Table XVIII (see page 148). 


Centre- Hind-Sights. 


АП centre-hind-sights were originally hexagonal bars of gun-metal, 
without deflection leaf, and they differed in pattern for land and sea 
service. They were graduated only for 5? of elevation, and the yard 
2 fuze scales for different charges were engraved on the several 
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In 1874 а longer sight with deflection leaf was prepared for all 
heavy guns of 9-inch calibre up to 12-inch of 25 tons. These sights 
were not necessarily supplied, but it was ordered that the sockets 
should be deepened in all cases, so that the guns would be prepared 
to receive them. Instructions were sent out for this work to be 

rformed by local artificers,* and the letter D should be stamped in 
Кон of the socket to show that the work has been done. 


% See page 882. 


. . 
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For 12-inch of 85 tons алд 12-5-inch Marks I and П, the rentre-hind- О.Н. sights 
sight for L.S. is precisely the same as the side-sight, and the radius for 12 and 
distance is exactly the same. The centre-sights are usually set at а 126-іпоһ 
greater radius distance than the side sights, and the hexagonal form 872» 
may be due to a precaution which was taken to render it impossible to 
use any of these sights in the wrong place. 
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TABLE ХҮШ. 
CHAP. ПП... | | 
— Showing latest Marx of all Тлмокнт and Семтвк-Німр-Әтонта for R.M.L. Gums. 
' 
Gun, 
17-72-Inch— 
Tangent e о 
16-inch— 
Tangent ... >. ... ... 
12-S-inch, Mark I— 
Tangent  .. «| 3 10 
12 :5-Inch, Mark П— 
Tangent .. м) % 10 
12-inch, 35 tons— 
12-inch, 25 tons — ! a 
Tangent .. «| 0 30 | M Ш | 2963 | 12 (Š= P © 555 32 ° 9 
Centre-hind.. „/ © 3 | s| ш | 2101 | 1% | E: £ | Со 2109 
11-inch— 

Tangent зија |п joj (SE | ©! 2 ож 
... oe! 85 P. Р 4,800 >. 
Centre-hind.. | з 98 | s| n | 2701 | 1% || 92. 12:11: 

10-Inch— 
Tangent | 1100 | |ш|жін (4E 0 40 0 о 
Centrehind... | 11 | | ut jam} s í HE | $ | SOR) ~ tho 
s-inch— 
Tangent „ | 0 44 |а |m|se|s |{ LG | С | 4000) оа 
Centre-hind... | 0 44 | аа | v [ma | pif BEG | S| Sih) ~ ою 
$-Inch— 
Tangent „ өзім | ш ама |f 210. | „о | 40 jew 
Contre-hin me | о зв | sa | ш | sive] e |f REG |, || |) ~ 
7-Inch, 6j and 7 tons— 

141,6. | O | 400 | 30 
Tangent „e ~ 8 0 | 38 гу | ме | 5 | OOF РО МІНІ» 

141.9. | D | 120 | 8 
Contre-hind.., | з 0 | s91 | ш | 318 | в {ига pO |5200 № } ЯА 
T-inch, 90 вл 

22р. |РВО| 4000 | 27 
Tangent se „| 0 44 | 38 m | ама | ro, | £| 3o |} O 
Centrehiad „= — ..| 0 4 | 88-05 | І | 3685 | 5 | иге, ro 52 5 } wo 


reference to the un M cator quiete of sights may птицу Do кым ia the “Changes of War биеэ” by 
N.B.— 7 ап Order dated W.O. 31-12-76, all sights passing the Department and altered, but mot brought up to 
ес опат VE the after the numeral 

fon thelr original Mark; thug TV) оо E “which they ale assimilated stamped 
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TABLE XVIII—continued. 


ОНАР. ІШ, 
Graduations. 
Range Scale 
Radius - 
Н еше: 1 tand | Remarks, 
scale 
has a гейво- 
tor fixed to 
- head, in 
rear of de- 
fection 
o 
с 
с 
с 
5 
с 
38 с 
38 с 
38 с 
40-pr., 34 cwt.— 
Tangent .. 5| 1 20 зо cs 
35 cwt. 
od e | 120 | 36 08 
“Мэй s cl ки ја св 
1€-pr.— 
Тала. 120109 24 08 
13-тт.-- 
Short | 1 30 | 85-2 
Tangent... {Ting 7 i | 4 381.62 C8 
8-рг., 8 cwt., Mark I— ^ 
Short ..| 1 30 | 66 
Tangent... HELO» 084| 5000 
g .| 1 90 | 6 
9-pr., 8 cwt., Mark JI— 
rt..| 1 æ% | 65 2, 30 
Tangent.. { Toe | 1 30 | 6 uaLGs | 08(| > 2 
9-pr., 6-cwt., Mark I— 
13 || п!|.. | 1 400 1 20 
Tangent... 1 Long 10 | мые и |: 5) цал л 08(| 30 1 30 
9-pr., 6 cwt., Mark П— 
= fShot..| 1 30 | 68 ш | еп | в 2,100 о #0 
Tangent... { Dong | 1 390 | s | Hi laij ИҢ мала cs{| s о 30 


of earlier patterns of sights may generally be traced in the “Changes of War Stores,” by 


denne quoted. 
N.B.—B: Order dated W.O. 21-12-76, all ta t and — but not 13 
ay "sealed тање Ке — have the numeral M а of гээд Y Арі. р gionem Ere ped after ege А d 
rigina) Mark ; thus, av). te ' ü 
” r 


P Palliser Shot or Shell. 
$ This tangent sight resembles а centre-hind-sight in being an hexagonal gun-metal bar, 


СНАР. 111. 
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TABLE XVIII—continued. 


рг. 6 cwi., Mark III 


Tangent... Long a 
- 


1- 44. Bre ж; 200 Њ., у 
- Га” 
. ... scale. 


Tpr. Steel, 180 1b., 
Mark nis 
Tange ч... 4 Тима 
Long ... wooden 
scale. 


T-pr. Steel, 200 1b., 
Mark 1 V — 


Tangent... 


puru sut рына HANE may: uir Na Iu Sa On "Quse. ot War. Mores? by 
reference to the ђ q 
М 


Н — Ву an Order dated W.O. 21-12-76, all ts passing through —"— — n 
to any seale MN ч Arr day ан stamped after the е жеме ot 


their original Mark 1 (IV). 
кшк + Q Common Stet 
Shrapnel 


Бри 
PIS dum. 
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CHAP. Ш. 


SPECAL SiaHTS. 


Besides the ordinary sights which are generally supplied with every Special sights. 
, there are many special arrangements for laying ordnance to suit 
erent conditions of mounting. These may be divided into three 
groups, vis. :— 
(1) For giving elevation only :— 
Index plates and ariin Aa arcs. 
Wood scales. 
Clinometers. 
Quadrants. = 7 
(2) For giving direction only :— 
` Graduated arcs. 
Hanging scales. 
Cross-bar sights. 
Turret sights. 
8) Reflecting sights :— 
e Chase vd 
Mirror sights for Moncrieff Carriage, Mark I. 
4 ” Ч Магк П. 
Special sights for the 6:6-inch and 100-ton R.M.L. guns. 


We proceed to give a short description of each of these stores, with 
a few remarks to explain the method of using them. 


` 


Index Plates, and Elevating Arcs. 


Index plates have been fitted to all R.M.L. guns from 9-inch to 12-inch Index plates. 
of 25 tons, when mounted in casemates or behind iron shields. The plates $$ 3226, 3787. 
are issued in pairs for the right and left sides оҒ the gun, being simply 
gun-metal arcs secured to the breech by two fixing screws. The arcs 
are graduated for 10 degrees of elevation, and for 6 degrees of 
depression. They must be fixed on the gun at a correct radius distance 
from the axis of the trunnions. Screw holes are prepared for these 
plates before the guns are issued to service. 

А “reader” or bracket of gun-metal is attached to the carriage 
exactly opposite the face of the plate, which shows by its straight: 
edge against the scale the angle of inclination of the piece. Тһе 
reader must correspond with the zero on the scale when the axis of 
the gun is horizontal. 

There are two patterns for 9 and 10-inch R.M.L. guns, to suit different 

i Mark II for 9-inch is used with the single plate carriage, 
and Mark II for 10-inch with the “low?” carriage. These patterns, 
however, differ merely in the slightest details. They are all stamped 
with the nature of gun for which they are respectively suited. 

For S.S. the elevating arcs are generally graduated, and these scales Elevating 
are used in conjunction with pointers fixed оп the clamp brackets. arcs. 


Wood Scales. 


Wood scales are supplied only for naval service; they are used Wood scales. 
in connection with the ship’s pendulum or director. There аге 
three patterns: (1) for contacter’ R.M.L. guns, having a shoulder 
to mark the zero point on the scale; (2) flat bars for R.B.L. 


— 


Adjustment. 


Mode of use. 
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guns what are called “wood side-scales,” because they are applied 
to the side instead of the end of the gun; and (3) square bars for 
R.M.L. guns with a scale on each face, viz.: a degree scale and ran 
scale in yards for full, battering, and reduced charges; this pattern is 
provided with a moveable slide, which is fitted with a pointer and 
clamp for greater convenience of use. 

The wood scales are issued longer than necessary, that a piece may 
be cut off the bottom to adjust them to any particular carriage. ‘The 
adjustmont should be made when the slide or carriage is trained on the 
beam, and the gun run out to firing position; the axis of the piece 
must be brought parallel to the athwarthship plane of the racer, and 
the wood scace is then cut so that the elevation is shown to be zero. 

The mode of use is as follows :—When the slide has been clamped 
at the required elevation or estimated range, the pointer is applied to 
the heel scale engraved оп the rear face of the сазсаћје ; if the ship is 
on even keel the gun must be elevated until the pointer corresponds 
with the zero; but if the vessel is heeling towards or away from the 
object, the angle of heel must be found from the director, and the 
pointer will then be applied at the same angle marked on the heel scale 
above or below zero, as indicated by the words “То” and “ From.” 

The extent of graduation may differ in the wood scales for the 
same nature of gun, for these stores have been frequently made for 
special carriages on board different classes of ships. 

The wood scales which are used with guns mounted on muzzle- 
—— carria have an arrangement by which they can be 

engthened or shortened when necessary. 

A table of all the latest marks of wood scales for R.M.L. guns is 
given below :— 


TABLE XIX. 
Woon Scares ror R.M.L. ORDNANCE. 
аш. (0 Graduations. Reference| Remarks. 
64-pr., 71:owt. ... Га | ерю PEs T * This is а side scale 


већ h ње yards, 3,000 3,012 зата — 
обрт. 64 ст... | Ш go а | 3,684 |° For guns mounted 
" 10, „ 5,000 on iron 
: шээс TD. to 22 E. * 
14 lb., yards, 4, 
T-inch, 90 cwt. | П I Doublo shell battering, yards, 2,500 ) 3,683 
Battering, 22 lb., yards, 4, 
8. or 8. full, PES т 500 
. ог Я le 
7 inch, 6} tons | ТУ |< D. 8. full, 141b., yards, 1, | = 
8. or 8. battering, 30 Ib. P., yards, 3,000 
T? D. to 22^ Е. 
inch .. п {в В. full, 20 Ib., yards 2,000 = 
8. or 8. battering, 25 Ib. P., yards, 2,500 
T° D. to 22° E. 
Pinch se — ..| Ш fs or В. full, 30 Ib., yards, 2,000 = 
5. or 8, battering, 50 Ib. P., yards, 3000 
| 8. or 8. fal не 
. or B. 44 ]b., ya 2, 
10-inch .. ој H Ë B. battering, 70 1b. P., yards, 3,000 | = 
. or B. ba; g, 10 lb. P., yards, 3,000 
киттен | 3,158 
1l-inch .~ І (с. , 60 Tb. Р., yarde, 4, à . 

8. or 8. battering, 89 Ib. B., yards, 4,800 pog 
12-inch, 25 tons | $ = = to mode jn 
12-inch, 25 tons | • = = which guns are 
12-inch, 38 tons ) м б — t- 
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Clinometers and Quadrants. 


Two kinds of clinometer have been introduced in the service which 


are issued as part of the equipment for field and siege guns, viz.: the 
boxwood and Watkin оске. ый | 

The boxwood clinometer is a 12-inch rule with a quadrant joint in 
the middle, and a spirit level set in one edge. This can be applied to 
a gan in the bore, on the top of the breech, or to the axis line on the 
right trunnion. 

The Watkin clinometer is an angular frame of gun-metal which 
contains a graduated column and spirit level. The brass column is 
marked in degrees from 0 to 45, and each degree is subdivided into 
12 parts, so that a division of the scale reads to 5 minutes. 


A 


rai 
ч * h 


(0. ДУМ 
< i : 


То lay а gun with this instrament the drum or column is unscrewed 
until an arrow on the collar points to the elevation required; this 
regulates the position of the Spirit level. Then the clinometer may be 
applied to the top of the breech cr face of the muzzle, using the long 
or short side of the frame as required; it can also be used for depression 
by reversing the instrument in either position. Or, again, it may be 


used for higher angles than 45° by subtracting the angle from 90°, and 


setting the drum to this reading ; then the opposite limb of the instru- 
ment must be applied to the gun to that which would have been used 
for giving elevation of less than 45°. 

Quadrants of any kind may be used for giving elevation, but it fs 
essential that the axis of the trunnions should be horizontal* For 
howitzers accordingly a quadrant is made which contains a second 


* The im ce of eliminating error due to difference of level in the trunnions 
of в gun or in wheels of а carriage will be understood by the following example :— 

В = range; г = elevation; $ = the inclination of the trunnions; and 

4 = the deflection due to this cause. Then it may be readily scen that d = В 

tan e, sin t Sup the right wheel with a 13-рг. R.M.L. gun to be 14 inches higher 

than the left, and the gun to be fired at a range of 2,000 yards. The elevation 


would be 8° 6’. Sin $ may be taken at Gq When the track of the wheels is 62 inches 


CHAP. Ш; 


Clinometers, 


Boxwood 
clinometer, 


Watkin 
clinometer. 


Quadrants. 
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CHAP. Ш, spirit level in the lower limb, to show whether the trunnions are in a 
— proper position. This instrument must be applied to the “ quadrant 
planes " which are cut on the surface of the piece. 


QUADRANT FOR LAYING HOWTITZNRS. 


š Graduated Атса,” 
Graduated For direction only a graduated arc is often laid in rear of the racer of 
ares, a heavy gun when mounted in a permanent work. This is simply 


a metal arc, graduated from zero on the left to the extreme limit of 
traverse on the right. A pointer attached to the rear of the platform 
indicates the position of the gun when carefully laid; and this can be 
quickly recovered after each round when firing at a fixed object by 
bringing the pointer back to the same place on the graduated arc, 


Hanging Scales.” 


This also is an arrangement for recovering the true line of fire after 
each round when the object cannot be seen, It can only be ормен (о 
wheeled carriages, but no new nm. of carriage is fitted for these 
sights, so they are now falling into disuse. 

Two scales are suspended under the Pon freely from eye- 
bolts just clear of the platform or ground. The scale bars are graduated 
exactly alike to 10° and smaller divisions, and the rear scale is provided 
with a secondary scale for giving deflection. : 


Hanging 
scales. 


Then 4 = 2000 tan 80° 6' x 15 


= 26 yards, 
which is equivalent to about 4j minutes deflection, the shot being thrown to the 
side of the lower wheel. 

The rule of thumb for correction on uneven d is as follows: that the 
difference in level (in inches) multiplied by the elevation of the gun (in pm) 
ж. һе ше amamni of deflection (in minutes) to be given оп the side tow: the 

er wheel. : 
These stores are manufactured by the R.C.D. 
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To use hanging scales the line of fire must first be obtained and the 
gun carefully laid on this line. The direction is then marked on the 
platform or ground by a chalk line, string, button, or other available 
means under similar centre figures of each scale, When the gun has been 


fired and run up again to position the trail only need be moved for ` 


alignment, until the same figure on the rear scale covers the line as that 
which happens to be read off on the front scale. Deflection is given by 
shifting the rear scale bar as much as required, and then using the 
main scale, 


peu E Cross-bar Sights. 


. These sights have been prepared from a plan which was proposed by Cross-bar . - 
Major С. A. French, R.A. They resemble service sights in everything sights, 
but the cross-bar at the head. This is made reversible, so that в pair $ 4012. 


of these sights can be applied to either side of the piece in the case of 
howitzers; and they can be used for reverse, forward, or direct laying. 


TANGENT BIGHT. 


*FEEE АНЕ Е 
ЖИЕ tie 


Z 
13 > 

ие ШШШ 
Z= 


ІЗ, s №, | 


> 222 


The hind-sightsare set vertically in the howitzer, апу necessary height 
being given by means of a removable clamp. The bar is graduated 
with a tangent scale and the top is fitted with a bronze head, clamping 
ecrew,and a steel horizontal cross-ber. This bar, which is graduated from 


Mode of use. 
N 


Turret sights. 
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. 0 to 8 with smaller divisions, is capable of being moved to the extent 


of 1° to the right and 3° to the left, to afford compensation for drift, 
wind, &c. "The croes-bar itself is provided with a sliding and reversiblé 
leaf, having a pointed sight at the top for rough laying and cross-wires 
below. There is also а notch underneath for forward laying when the 
leaf is turned upside down. 

The trunnion or fore-sight consists of а steel stem, fitting into а ge- 
metal socket on the “drop” system, with a fixed cross-bar, which is 
also provided with a sliding reversible leaf and is graduated in the 
same manner as the cross-bar on the hind-sight, viz., from 0 to 8, and 
in smaller divisions. 

For reverse laying the notch on the trunnion sight is used in 
conjunction with the point on the hind-sight, or the eyehole with 
the cross-wires. 

For forward laying the leaves must both be turned over and the notch 
of the hind-sight is used with the point of the fore-sight; for fine 
forward laying the sliding leaves can be exchanged by removing the 
mill-headed clam 

For direct laying the method is the same as when using service 
sights of ordinary pattern, elevation being given on the tangent scale 
and deflection on the cross-bar; only care must be taken that both 
sliding leaves are clamped at corresponding divisions, to obtain a line 
parallel to the axis of the gun. 

Deflection is given in all cases by shifting the cross-bar of the hind- 
sight, still using corresponding divisions on the main scales. 

When using these sights for indirect laying the line of fire must first 
be obtained and marked out in rear or in front of the gun. This will 
show the direction, while elevation must be given by means of the 
clinometer or quadrant. If near the platform one of the aiming pointers 
must be а plumb line. After the first round corrections can be made in 
elevation or line, and when one distant aiming point is used the clino- 
meter may be dispensed with. 

The principle cf using the cross-bars is exactly the same as that 
already described for hanging scales; i.e., after firing each round, when 
the gun has been brought back to position, the leaf of the fore-sight is 
clam in line with the aiming points, and the other at the corre- 
sponding mark on the scale; then the trail only is moved until both 
sights cover the aiming points: the axis of the piece is thus directed 
always in parallel lines, 


Turret Sights. 


Gung mounted in moveable turrets are placed on carriages worked on 
fixed slides, so that “ direction” must be given by traversing the turret 
itself while elevation is given on the gun; éhe turret, therefore, must be 
furnished with means for obtaining the line of fire. 

Each turret has three or five * man-holes" in the roof, which are 
called from their position oentre, iutermediate, and wing; through any 
of these the captain of the turret can look over the sights and direct the 
laying of his guns. А fore-sight and hind-sight are placed in front of 
each man-hole, во adjusted that when the latter is set at zero the line of 
sight shall be parallel to the axes of both guns when the elevating 
arrangements are at zero. For sea service sufficient height must be 
given to the sights for the line to clear the edge of the turret when the 
vessel is heeling away from the object, to the extent of about 4°. 
Other * are provided for greater angles of heel. i 

The old pattera hind-sights are graduated to 4° for heel either way, 
and are raieed or lowered by means of a hand-wheel. This graduation, 
however, must not be confounded with the degrees of a hind-sight for 


— — — — 
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giving elevation to the gun, it is merely а provision for making согтес- ОНАР. ІП. 
tion for heel. These sights are fitted with two traversing leaves, one — 
for drift, which is graduated according to range, and the second for 
wind, speed, and other corrections. 

All turret-ships are now being provided with “compound sights,” 
which are fitted to the centre ап intermediate man-holes, ог to the 
centre and wing in cases where it is impracticable to fit them to the 
intermediate position. p? : 

COMPOUND HIND-SIGHT. 


is 


—— t tla 


ba wm лен sight consists of an outer and inner bar; the inner Oompound 
bar A is of steel, graduated in yards and provided with а cross- turret sights, 
head and leaf for such deflection as may be required for variable $ 8802, 
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causes. The outer bar В is of bronze, and in the upper part of this 
bar the steel sight is capable of being raised or lowered by means of a 
hand-wheel and pinion H, at the permanent angle of correction for drift. 

The compound sight works up and down іп а socket D, being provided 
with worm gearing and rack-and-pinion motion, which is actuated by & 
shaft and hand-wheel K. Тһе lower portion of the socket F is called 
the guard tube (а separate store), which serves the double p of 
protecting the bar and of — а scale of elevation, which is 
prominently marked upon %; a scale for depression is similarly marked 
above the zero line on the socket. The bronze bar is fitted with a 
reader C, which being attached to the lower end of B, travels in a slot 
through the centre of the scale on the guard tube and indicates the 
exact elevation which is to be given to the gun. The bottom of the 
guard tube is fixed on a footstep or some other suitable support. 

The fore-sight consists of a pointed steel spindle, with cross-handle 
at the lower end. This fits in a bronze socket in the roof of the turret, 
which is supplied with a spring cap. When not required for use the 
sight is lowered and Ээж: ; for action it is pushed up and locked in 
position by a bayonet joint. 


FORE-SIGHT. 


227777274 л 9 | РИЯ, 
РР? А | 521: 


Sight elevated for use. Sight housed when not required. 


To use these sights the steel bar of the hind-sight is raised to the 
estimated range by turning the hand-wheel marked H and then 
clamped by the nut shown at I. 

The compound bar is next lowered by means of the hand-wheel 
E until the line of sight covers the object, the direction being obtained 
by traversing the turret itself. ‘I'he reader will now record on the 
poani tube the exact elevation or depression at which the gun should 

laid. Correction for drift and heel of the ships are both automatically 
made, no words of command are required, and correct elevation of the 
guns is ensured by graduations on the elevating gear. 
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Reflecting Sights. 


Mirror sights are only fitted to ordnance mounted on some nature of 
elevated carriage or behind small ports where the eye cannot look 
directly over the sights; they are supplementary to the service sights, 
which are generally issued as well. 


Chase Sights, 


Chase sights have been fitted to 10-inch and 12-inch R.M.L. guns 
and to all heavier natures when mounted behind iron shields, where it 
is found that the line of sight over the breech is intercepted by the 
edge of the port. They are practically service sights placed on the 
chase of the gun, with a reflector pivoted behind the notch of the hind- 
sight, to take the place of the eye which cannot be applied in that 

ition. 
Р тте fore-sight is of the usual drop pattern, fitting into а metal socket, 
let into the chase 80 inches in front of the hind-sight. When the gun 
is run out to a firing position this sight may be outside the port. 

The hind-sight is a steel bar, graduated for a 30-inch radius, with a 
gun-metal arm, which carries the mirror and leaf. This arm is capable 
of sliding up the steel bar, and should be clamped at the required eleva- 


MARK п.• 


tion. Deflection can be given right or left to the extent of one degree 
thirty minutes on the sight leaf. The mirror can be turned on its pivot 
in а — pine; and гы face is — — іш suit the 
position of а шап laying the gun. A pair of sights are provided for 
each side of the gun, без they are made interchangeable. 


Mirror sights. 


Chase sights, 


® The Mark I sight differs from the one here described only in the amount of 


deflection, which is limited to half а degree, and in having no clamping screw. 
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CHAP. III, 
CHASE SIGHTS. 

To use these sights the man must stand with his back to the port and 
adjust the mirror to his position; then the is laid by bringing the 
object and fore-sight in line with the notch, which is clearly seen in 
the mirror. The hind-sight should be removed from the gun before 
firing. 

Sights for Moncrief Carriage, Mark I. 
Sights for Only 7-inch R.M.L. guns of 7 tons have been mounted on this nature 
Moncrieff of carriage and fitted with these particular sights. 
— е, The fore-sight is а graduated skeleton frame of gun-metal, attached 
ar . 


4454 8636 by screws to the side of the gun on the coil in front of the trunnions. 
132434, 3636. Тре sight notch may be clamped by a thumbscrew at any range marked 
on the scale, being lowered to give elevation. 
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7-INCH в.м.г. GUN, 7 TONS, ОНАР. III. 
Sketch shewing position of Sights. 


The hind-sight is a mirror secured to the side of the breech with 
cross-lines like a Т оп the face, so adjusted that a ray from the object 
through the fore sight to the intersection of the lines on the mirror 

| should be thrown down into the gun pit; the gun шау be laid in this 
| manner without exposure of men. There is no arrangement for giving 
deflection, so these sights should only be used at close quarters, 


Mirror Sights for Moncrieff Carriage Mark II. 


7 and 9-inch R.M.L. guns, 64-prs. of 58 cwt., aud 7-inch B.L. screw Sights for 
of 82 cwt. have been mounted on the Moncrieff system Mark II; Monorieff 
e special sights for these guns when so mounted consist simply of ©атт1нде, 
two mirrors and a graduated arc, each mirror having cross-lines cut on § — 
the face, which, however, do not actually intersect one another to avoid ' 
spoiling the glass where the object ought to be seen. 


7-INCH M.L. GUN, ON MONORIEFF CARRIAGE MARK II. 
Sketch shewing position of Reflecting Sights. 


ын — is attached to the end of the right trunniou by a circular 
с.о. м 


~ 
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Sights for 

6:6 inch and 
100-ton guns. 
$$ 4373, 4372. 


Fittings and 
stores. 


§§ 1820, 2207, 
2981, 3112, 
3676, 4000, 
4001. 
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bracket, and the other is fixed in a sliding frame which can be clamped 
at any part of the graduated arc secured to the side of the elevator. 

To lay the gun, the lower mirror must be set at the figute on the 
scale corresponding to the angle of elevation required; then the gun 
must be trained for direction and laid with the elevating gear, so that 
the reflection of the object iu the upper mirror is distinctly seen in the 
lower. There is no arrangement again in this case for giving deflection 
either for drift, force of wind, or speed in the object. 

These sights are, strictly speaking, only correct when the difference 
of level between the gun and the object is too small to be of any im- 

rtance. The mode of adjustment and rules for correction when there 
is any appreciable error from height will be found in the Appendix at 
the end of Part IV. 


Mirror Sights for 66-inch and 100-ton R.M.L. guns, . 


These sights, being at present confined in each case to a partioular 
kind of gun, will be described in the next chapter among the special 
fittings belonging to these natures of ordnance, 


FITTINGS AND SMALL STORES. 


We come next to the fittings and stores for R.M.L. guns; а full list 
will be found in the table at page 178, but a short description is here 
given of some of them. 


Bearer, shot or shell. 


This is required with 80-pr. and all heavier guns up to the 9-inch 
inclusive, when muzzle derricks are not provided. They are also 
supplied with all howitzers except 6:3-inch. There is a Mark II for 
7- and 9-inch R.M.L. guns, which is stronger than Mark I; and there 
is a strengthened pattern which does not constitute a second mark for 
the 8-inch howitzer of 46 cwt. 


Cascable, Slinging, removable. 


Used with those guns axially vented. Тһе bronze vent socket is 
removed (when the gun is for transport) and the cascable screwed into 
the hollow disclosed. 


Counter-balance, muzzle. 


Used with the 100-ton to correct preponderance for transport. It 
consists of a ring of cast-iron (weighing 30 cwt.) with loops for 
slinging and three clamping screws for fixing it. It is placed on the 
muzzle, which is prepared specially to receive it. 


Cradle, wood, vent. 


Is used with those guns axially vented for inserting the vent. This 
has to be passed down the bore and pushed through the hole in the 
breech, and the cradle is supplied to effect this. The screwed end of 
the vent being caught as it protrudes and held, the cradle can be 
withdrawn, the guide blocks which have to pass the head of the vent 
becoming disengaged р. 172). The acorn guide (A) is inserted into 
the end of the vent to facilitate its passage into the hole in the breech. 
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CHAP. ПЛ. 
SHOT BEARERS, 1.8. O-INCH в.м.т. GUN, —— 


Bolts, iron, elevating eye, with washer and keep-pin. 


These are supplied with 9, 13, 16 and 25-pr. R.M.L. guns, and the 
parts are interchangeable among all these pieces except the bolt for a 
9-pr. gun of 6 cwt., which is shorter than the bolt for the others. 

M 2 
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CHAP. III. 


SKETCH SHOWING METHOD OF ATTACHING THE BLOCK. 


MUZZLE DERRICK. 
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Derricks. CHAP. III 


This fitting is provided for L.S. only with 9-inch and all heavier gunsup $ 3007. 
ќо 12-5-inch 38 tons, for the purpose of raising the projectile up to the 
1102210 ; but it is not used with guns which are mounted behind iron 
shields. It is made of bronze, and consists of а band (A) fixed round the 
chase at a distance of 7 to 12 inches from the muzzle, according to the 
nature of the gun, and а derrick (B) secured to the band by two bolts. 

The derrick has а “ bridge-piece " 2) which rests on the gun, supporting 
the upper part of the derrick which projects over the muzzle. The 
tackle should be hooked into the eye at the top (c) with the back of 
the hook towards the gun and the point through the oop to prevent the 
tackle from slipping. The band is secured to the gun by four screws ; 
the derrick should be turned back on the chase after loading, and 
always kept there when not being actually used. (See figure, page 164.) 

A Mark II has been sealed for 10-inch R.M.L. guns, because at some 
ranges the Mark I might be liable to interfere with the line of sight. \ 

Instructions for the adjustment of derrick-bands will be found іп $ 3769. 
the Appendix at the end of Part IV (p. 381). 


Extractor, vent-sealing tubes. 


These are required with all axial vents to extract the tube after 
firing, because it is liable to get set fast in the vent by expansion under 
pressure of the gas. 


Guard, vent. 


These are provided for 10-inch R.M.L. guns, when mounted on gun- $ 2118. 
-boats of the ** Blazer " class, to prevent injury to the men from the flash ' 

of the vent, the guns being mounted lower than usual. Also for 8-inch 

R.M.L. guns on board the “ Sultan” with a slight alteration of form to 

suit electric tubes. 


Holder, tube (see Vent, axial). 
Lanyard guide. 
e — is а S.S. fitting for all natures of guns. It is made $$ 476, 688. 
steel, 


and is screwed into the right rear of the vent to guide the 
lanyard which is passed through it, to give a direct pull on the quill 


tube. It has а croes-head to which a loop on the lanyard can be attached 
when the gun has been loaded to prevent its being fired accidentally. 


CHAP. III. 
§ 4110. 


§ 4111. 


§ 1141. 
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Machines, hand, rifling. 


These instruments are supplied for all heavy guns of 7-, 9-, 10-, and 
11-inch calibre, and for 12-5-inch. They are intended for repairing 
the grooves when the gun has been injured by premature exploeion 
of & shell, or accident of any other kind. A machine for muzzle- 
loading guns consiste of an iron tube in two lengths, which can be 
used separately or united together; it is furnished with a head, stop, 
and guide of bronze metal, and a cross handle of iron. Two files are 
issued, one for the lands and the other for the ves which are 
attached to a spindle in the head of the machine when fitted for use, 
with a spring and regulating nut to keep the file up to ita work. 

The guide and stop are in two parts, connected by screws and they 
can bo fixed anywhere along the length of the tube. А set screw 
secures the spindle when filing the lands: care should be taken to 
slacken this screw when filing the grooves, to allow the file to adjust 
itself to the pitch. In rear of the file a hole is tapped for another 
screw, the head of which conforming with the groove acts ая а guide 
when filing the edges with the broad file; this guide should be replaced 
by а preserving screw when filing the bottom of the grooves. 


Patch, preserving muzzle-sight. 
This small store is intended to fill up the seat of the muzzle-sight on 


9-pr. 6 cwt. guns S.S., when the latter has been removed for transport, 
&c. It is made of cast iron, and is secured to the gun by two screws. 


Pin, friction-tube. 
Тһе friction-tube pin is а S.S. fitting for all natures of guns; it is 


screwed into the surface of the breech 1:3 inches to the left front of the 
vent. А spare bole is made adjoining to this in case the pin should be 


— * 


aes dide nb 


broken off in the first hole. The leather loop of the tube is placed 
prer eeu pin, to prevent the quill from being broken when the lanyard 
вр ° š 
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Plates, elevating, for elevating avc. CHAR. HI, 
‚ These fittings consist of a steel pivot, a metal elevating plate,a keep- $$ 1435, 1647, 
pin, and the fixing screws. 8643, 4178, 


The metal plates are right and left handed, except for 85 and 88-ton 4179. 
guns, which have two plates attached to the ваше side of the breech. 


DETAILS OF AN ELEVATING PLATE FOR 9-ІНОН R.M.L. GUNS, 12 TONS. 
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For 10-inch and heavier а Mark П has been sealed, sometimes 
termed “ countersunk,” as der have a square or hexagonal boss which 
must be fitted into a recess cut in the gun: this method of attachment 
relieves the fixing screws of much strain. Р 

The steel ди are screwed into the plate, and held in position by the 
keep-pin. They eerve to connect the gun to the elevating racks on 
the carriage. To fix the rack the kee -ріп must first be removed, then 
the steel pivot unscrewed, and after being passed through the hole in 
the rack it is screwed again into the plate; the keep-pin must then 
be replaced. 

There are different patterns of elevating plates for small-port and 


CHAP. III. 
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ordinary carriages,* for which reference, if necessary, must be made to 
the Changes of War Stores quoted in the margin. 

Streagthened pivots also have been approved for 35 and 38-ton guns, 
which are not distinguished by a separate Mark. 

For overbank carriages special plates are required, which are attached 
underneath the gun, one near the breech, and the other in front of the 
trunnions ; the ends of the elevating rack are attached by steel bolts to 
the plates. 


PLATES, ELEVATING, COMPLETE (BRERCH AND MUZZLE). MARK II (for 
Overbank Carriage 


. 


$ 3170. 


Prickers or priming irons. 
Prickers for R.M.L. guns are issued of the following lengths :— 


74 inch, for field and boat guns. 
12 ,  , siege, garrison and naval guns under 6 tons. 
17 , , 7 and 8-inch guns. 
23 , ,, 9to 12-inch of 25 tons. 
29 , „ 85 and 38-ton guns. 


They are made of steel tempered in oil. 


* The following are the marks of pivot pieces (dependent on the form of the 
plate metal elevating) for the different natures of guns :— 

Mark I for 12-6 M. I; M. II for 126 M. I mounted on small port carriages 
and is central only. M. I or II for 12" of 35 tons; M.I or II for 12" of 25 
tons M. II; M. I or II for 11" M. II; M. III for 11" M. II (* Alexandra” and 
“ Temeraire” class); М. IV for 11" M. II Barbette of “ Temeraire ” to suit Armstro 
elevating arrangement) ; M. I or II for 10" M. II ; M. III for 10" M. II on sm 

rt carriages; M. IV for 10" M. I (has в strengthening boss) ; M. I for 9" M. I; 
М. II for 9" M. ПІ; M. III for 9” M. II, Iv, or V ; M. IV for 9" M. I fitted 
for “ Sultan ” class; M. I for 8" M. I; M. II for 8" M. III; М.І for 7" М.І; 
M. II for 7" M. III; M. I for 7" of 90-cwt.: M. I for 64-рг. M. II; M. I 
for 64-pr. M. III; M. II for do. (for overbank carriage): M. Ffor 40-pr. M. I; 
M. I for 40-рг. M. II; M. II for do. (for overbank carriage) ; M. I for 8” how- 
itzer ; M. I for 25-pr.: Mark II for 25-pr. (overbank carriage); М. I for 20-pr. 
R.B.L. 16 cwt., M. I ; for 20-pr. R.B.L. 18 cwt. 
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Set-screws, tangent sight. 


Set-screws, right and left, are supplied with 16-pr. guns, to clamp the 
hind-sight when raised for laying the gun. They are secured in the 
gun by a screw pin, which is placed so as to prevent them from being 
unscrewed, 


Wrench sight, R.M.L. muzzle, hog-back. 


This is used for fixing or removing the fore-sight оп а 9-pr. L.S. gun 
or 64-pr. of 58 cwt. А strengthened pattern has been approved which 
differs from the earlier tool in having a longer projection, and in being 
rounded off at the outer edge. 


(Formerly termed) SPANNER, BOX, FORE-SIGHT. 


АСР. фуу ме. 
SPANNER BOX. 
FORESICHT. 
ore А ger сону е 


. 
—— — — — 98 — - — б...... —— — — өв. 


Wrench, sight, R.M.L. fore. 


For removing and fixing the screw trunnion sights оп 'а 16-pr. 
R.M.L. gun. 


Wrench, nut, vent. 


This tool is required to fix or remove the nut which secures the 
vent-bush in its axial position in 38, 80, and 100-ton R.M.L. guns. 


Spikes, common and spring. 


Both kinds of spike are the same as those used with S.B. ordnance. 
With regard to spring spikes, the length suitable for each nature of 
gun is given below, 


Spike Spring. in 
юан | 8 

А .. .. 155 .. ЕМА. 9-inch, 8-inch, and 7-inch 
6} ton, Mark I. 

B 4% .. 125 .. R.M.L. 7-inch 7 ton and 6$ ton 
except Mark I 6$ ton) 80-pr. 
and 64-pr. 71 cwt. 

с .. ЗА 92 .. R.M.L. 8-inch 70 and 46 cwt. 
howitzers; 6:6 inch 64-рг. and 
58 cwt., and 40-pr. Mark I guns. 


D .. T 6 .. B.M.L. 6:6 and 68 howitzers 40-pr. 
Mark II 25- and 15-рт. guns. 
E .. .. 35  .. R.M.L. 18-pr, 9-рғ., 7-pr. and 


2'5-inch guns. 


CHAP. III. 


$$ 3245, 3853. 


$ 3246. 
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Studs, trunnion. 


59 8422, 3433. These have been fitted to nearly all guns of 38 tons’ weight and 


$ 3424. 


$ 3686. 


upwards to facilitate the work of mounting іп casemates, especially іп 


ii. ГІШ 
ШІ 


345 —- 


' 
3----- 
, 
% 


conjunction with hydraulic jacks, and the box girder frame. АП guns 
recently issued have been prepared for the reception of these studs, 
but it is not necessary that they should be issued with each gun; 
preserving screws should be inserted in their place when the gun has 
been placed in position. 


Washer, iron, for trunnions. 


This article is used in connection with trunnion studs, being screwed 
on between the face of the trunnion and head of the stud, to prevent 
the chain from slipping on to the trunnion when raising the gun. 


Wrenches, for elevating racks, index-plates, and derricks. 


There are four kinds of wrench for this purpose. 

No. 1 wrench (formerly called Mark IV, and probably stamped with 
that numeral) with clamp and tommy, is used for 7-inch R.M.L. 
and upwards. The tommy has been added as a separate tool since the 
wrench was first issued for service for driving out the keep-pin of the 
elevating pivot. 

This wrench consists of two parts; only the one marked A in the 
figure need be used to remove the pivot-piece when the elevating 
arc is not secured to the gun, but both are required when the arc is 
attached. 

Part A is a Gawa sake bar with а wrench at one end and a pro- 
jecting stud at the other, which will fit into the slot on the face of the 
pivot. Under this end slides a jaw С which may ђе kept in the middle 
of the bar by a spring when not required for use. 

To remove a pivot, place the stud in the slot and slide the jaw over 
the piece behind the head of the pivot; then unscrew, the keep-pin of 
course being previously taken out with the tommy. 
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When the elevating rack is attached to the gun the part В must first CHAP. III. 
be screwed into position as shown in the figure; the clamp /6 ін — 


attached to the rack, and the spindle g thus secured to the pivot piece. 
Then the other end of the wrench can be applied to the hexagonal part 
of the spindle, which is free to recede as the pivot comes out, while 
contact isalways maintained by the өсетіні in the clamp. 

No. 2 wrench, for 64-pr. and 40-pr. R.M.L. and all howitzers. 
The numeral П may be found on this wrench according to the old 


designation. It is a tool with three limbs as shown in the figure, 
comprising two turnscrews of different sizes and a tommy. 
No. 8 wrench, for 25-pr. R.M.L. and 20-рг. B.L. screw guns This 
being the first pattern of wrench for these guns is aiunt ші Mark I. 
It resembles the No. 2 wrench in appearance, but differs in the size of 
its turnscrew and length of limb. 
No. 4 wrench, in two parts with a tommy. For siege R.M.L. $ 4543. 
ordnance, and certain breech-loading guns, to supersede Nos. 2 and 8. 
The parts are stamped “ Part I" and “Part IL" Тһе tommy is the 
same as that issued with wrench No. 1. 


Жама... '_ . 
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Wrench, sight, S.B. 


This is а tool with four arms, viz. :— 
1) Box wrench, for removing and fixing the friction tube pin. 
2) Spanner, for the fixing screws of sights. 
8) Tommy, for extracting the lanyard guide, &c.; and 
4) Screwdriver, for the sight-screws, and general use. 


Shutter. 


Is а hinged door closing up the axial vent — for safety in 
firing. It is shown in the cut. It hinges on the left side to the vent 
brunze socket, and bas a hinged handle on the right which works the 
latch. Guide pulleys are attached to give a direct pull on the friction 
tube (when used), and leading to the side; one is a fixture, the other 
is carried on the end of an arm bolted to the shutter by a removable 
pin for convenience of packing, &с. The centre of the shutter is 
closed by a screw-plug with octagonal head, two forms of plug bein 
supplied, one with a central perforation when friction tubes are 

the other plain for electric firing, the wires being then led out between 
the shutter and socket on the right hand side where a spring clip is 
provided. Spiral springs actuate the bolts of the latch. 


Vent, axial. | 
Shown in cut (К), is passed through the metal of the gun, and a 


double key (L) slipped over it, which by feathers engages in slots in 
both gun and vent, and so prevents this turning en: aa then a nut 


` (M) is slipped over the end, and screwed (by means of a box spanner 


supplied) till the head of vent is drawn into close contact with metal of 
gun. In the 100- and 80-tons the double key is supplied in halves. A 
copper washer is put on the vent before insertion, and this seals the 
joint at the head. 

Other stores in connection with this axial vent are the bronze socket 
(A) attached to the gun by fixing screws ; the guide (F) attached to the 
socket by fixing screws, and the ** Holder tube” (H), which is a 
separate store. This tube holder carries the tube, and is attached to 
the end of the vent by an interrupted screw ; a projection on it fits 
into a groove in the guide (F), which thus ensures that the holder is 
properly put оп. М is the tube, which is of the “У” pattern; it 18 
inserted into the holder while away from the gun, the long wire pro- 
truding its loop through the channel, while a spring clip catches the 
head of the tube and holds it in position. 

The tube holder is supplied with two handles for turning it into the 
locking position; these interfere with the closing of the shutters. 
unless the locking position of the holder has been properly attained 
and thus form a tell-tale. 

An important point in connection with these vents is to observe that 
after firing the vent has not become loose owing to compression of the 
copper washer, and it is advisable under any circumstances to remove 
the bronze socket (or “ frame”) after а day's practice and tighten up 


the nut (M). 
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PART II. 


CHAPTER IV. 


RIFLED MUZZLE-LOADING GUNS. 


Remarks on B.M.L. guns.—Designation.—Classes of ordnance.—L.8. and 8.8. 
guns.— Bronze and steel 7-pr. guns.—7-pr. jointed gun.—9-pr. guns for land and 
sea service.—13-pr. gun.—16-pr. gun.—26-pr. gun.—40-pr. gun.—64-pr. guns 
with steel and wrought-iron barrels.—Different dimensions of the coned end of 
the bore.—6:6-in gun.—Special sights.—7-inch of 7 tons, 64 tons, and 90 cwt. 
—8-inch guns.—9-inch guns.—10- and 11-inch guns.—12-inch of 25 and 35 tons. 
—12:6-inch.— Axial vents.—Special guns for the “ Ajax,” “ Agamemnon,” &c.— 
80-ton guns.—100-ton guns.—Table of dimensions, rifling, &c.— Table of ballistic 
effects. 


Тне general construction of R.M.L. guns Ваз been fully explained, but 
there are differences in dimensions, sights, fittings, and stores associated 
with every nature of gun which must now be pointed out in detail. 

As regards the designation of R.M.L. guns, all having a calibre of 
6:6 inches and upwards, are known by their calibre in inches; smaller 
natures, wit the one exception of the 2-5-inch gun, are named by the 
weight of their shell. They are all called ** ordnance, wrought-iron " 
except thofe which are made entirely of bronze or steel: even guns 
in which there is a preponderance of steel are included under this 
designation in returns and vocabulary books. 

R.M.L. guns may be classified according to the service for which 
they are destined in the following manner :— 

(1) Mountain or Boat Guns. 

2:5-inch 7-prs. of every description. 
(2) Field, Boat, or Field Marine. 

9, 18, and 16-pr. guns. 2: 
(8) Siege or Position. 

25 and 40-рг. guns, and the 6-6-inch gun. 

АП the howitzers are associated with this class.* 


• А unit of siege train consists of sixteen pieces of ordnance, which may be 
light, medium, or heavy, as required for the operations in view. Six 7-рг, may 
also be associated with any unit for operations in advanced trenches. The nature 
and number of each kind of — comprised in a unit are аз follows :— 

2 pre... .. .. 8 


Light unit .. 6:8-inch howitzers .. .. 8 + 


В ., Í 40-prs. Mark П .. .. 6 
Medinm unit {Senna howitzers ..  .. 10 
“66-іпсһ guns .. T .. 8 

Heavy unit.. КЕЗ? Mark 11 .. .. 4 
8-inch howitzer, 70 cwt. .. 10 


R.M.L. guns. 


Designation. 
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(4) Medium. i 
SERRAT ) 64-pr. guns of all kinds; the 7-inch of 90 cwt.; and all the 
“ Converted” R.M.L. guns. | 
(5) Beer? 
7-шеһ of 64 tons and all guns of larger calibre up to guns of 


100 tons weight. 


LS, and 88. A distinction is made between guns appropriated for land or sea 
service; a few natures are entirely set apart in this way for one branch 
of the service, but generally the difference only consists in special 
fittings and separation between War Office and Admiralty charge. 

In describing each nature of gun, with its distinctive features and 
details, it will be convenient to take the series in order from the 


lightest to the heaviest piece. 


2:5-inch steel, 

400 Ib. ORDNANCE, STEEL, B.M.L,, 2'5-INCH, 
$3 3797, Scale, 14 1 

4649. e, j-inch = 1 foot. 


MUZZLE PORTION. 
Beale, рић full size, 


|| | Z | 


The special stores connected with this gun will be found in Table XX, 
p. 172. 
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BREECH PORTION. 


Twelve of this description, which were made by the Elswick 
Ordnance Company according to designs suggested by Colonel Le 
Mesurier, R.A., were despatched to Afghanistan in 1879 ;* these proved 
satisfactory on active service, so the principle was adopted for a similar 
gun designed in the Royal Gun Factory, of which a large number have 
now been manufactured. 4 | 

The gun consists of two parts, the breech and the muzzle portions 
each weighing about 200 Ib., which is considered a maximum load for 
a mule’s burden. The breech portion is arranged to contain the entire 
charge; it is formed out of a solid block of steel, the front end being 
furnished with a screw-thread to receive the junction nut. The muzzle 
portion consists of the steel chase and a wrought-iron ring which is 

rovided with trunnions. This ring in future will be made of steel. 
Тһе trunnion piece cannot be removed from the chase on account of a 
sight riug, which is permanently attached in a position to allow 
sufficient play for this the junction nut. The two parts of the gun 
are united by means of this trunnion ring in conjunction with a spigot 
and faucet joint. A steel gas ring is also introduced in the joint 
to prevent any escape. A key or feather on the muzzle portion fits 
into a recess in the breech portion, to ensure the two parts coming 
together correctly. When р in position the union is effected by 
turning the junction nut in the direction which is indicated by an arrow 
and the word “ Tighten ” on the right trunnion until a line on the latter 
accords with а similar line on the top of the breech; а few moderate 
blows with a hammer will suffice to ensure this, but а trunnion-block 
must be used to protect the trunnion itself from injury when receiving 
the blows. 

The calibre of this gun is only 2:5 inches. The vent is situated 
vertically 5:25 inches from the end of the bore. There is а powder 
chamber of slightly greater diameter than that of the bore, and there is 
а contraction or choke at the entrance which ensures the projectile being 
always rammed home to a definite point. Thecapacity of the chamber 
is 54 cubic inches. 

The rifling, which is 54:73 inches in length, consists of 8 ves of 
Maitland muzzle-loading type, 05 of an inch deep; with a twist 
— from 1 turn in 80 cals. to 1 іп 30 at 3:53 inches from the 
muzzle, the remainder being uniform of that pitch. 


* These guns never passed through the R.G.F., even for examination or proof. 
They differ in many details from the service gun of this kind. Tho idea of а gun 
in two parts apparently had its origin in Russia, having been pro in 1876 by 
Captain Kolokolzor, fenior of the Manufactory at Obuchow. “La Guerre 
а — translated by Captain Walford, R.A., in the papers of the В.А. Institu- 
tion, 1883, 


7-pr. bronze, 
Mark I. 
$ 1146. 


7-pr. bronze, 
‚Мык. C 
$ 1935. 
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Тһе gun is provided with two sets of sights ; the tangent scales dro 
into sockets formed in projections of solid steel on the breech, an 
they are furnished with special moveable clamps; the fore-sights are 
removeable, attached to the sight ring by a combination of the screw 
and drop systems. These sights can be used for rough or fiue laying. 
The angle of correction for drift is 1 degree. 


7-рғ. R.M.L. Guns. 


There are apn patterns of 7-pr. guns in the service, including the 
jointed gun. e three first Marks are made of bronze, being conver- 
sions of 8-pr. S.B. pieces into 7-pr. rifled guns. Their history may be 
given as follows ;— 

In 1865 some small rifled guns were кше by the Indian Govern- 
ment to accompany the expedition to Bhootan. Steel guns were 
demanded, but as these could not be manufactured in time a few bronze 


7-РЕ. BRONZE. MARK I. 224-LB. OALIBBB, INCHES. 
Scale, 1 inch = 1 foot 


8-pr. S.B. guns of 2} cwt. were turned down to a weight of 224 lb., 
bored up to 3-inch calibre, and rifled on the French system with a twist 
of 1 turn in 20 calibres. 

This gun was found to be too heavy for mules in а mountainous 
country, and a further reduction of weight to 200 lb. was suggested in 
the design known ав Mark II, which was afterwards adopted. 


7-РЕ. BRONZE. MARK II. 200 LB. OALIBEB, 8 INOHES. 


Тһе Mark II differs from Mark I in having the exterior turned 
perfectly plain and in being 2 inches shorter in the bore. In 1870 six 
of these were sent to Canada for the Red River Expedition, and the 
pattern being afterwards approved by the Admiralty it was definitely 
adopted for service; now, however, they are about to be withdrawn 
from the navy. 

About 50 of these have been made, but the preponderance was not 
satisfactory, and in 1871 a better design was submitted. 
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7-pr. Bronze. Mark ПІ. 200 lb. 


Only two: guns of this pattern have been manufactured, although as 
recently as 1883 some conversions on the previous design have been 
made to replace similar pieces on service. 

In exterior dimensions the Mark III somewhat resembles Mark I, but 
the breech and muzzle are plain with the exception of a dispart left on the 
top of the latter to form a recessfor thesight. The old vent is plugged 
пр, and a new bush inserted perpendicularly at the end of the bore. 
Owing, however, to the superiority shown by steel guns which had 
already been manufactured, the Mark III bronze piece was never 
introduced into the service. 


7-рг. Steel. Mark I. 190 ib. 


This was the first steel gun made for Bhootan in 1865. Five were 
sent out to India, but no more have been made on this pattern. These 
five, however, are still probably available for use in that country. 


7-рг. Steel. Mark II. 150 B. 


A few. guns of this nature were sent to Abyssinia in 1867. Like the 
Mark I these were made out of a solid ingot of steel; they were 
sighted on the right side, the tangent sight working in а socket 
attached to the breech, and the fore-sight being screwed against the 


CHAP. IV, 


7-рт. bronze, 
Mark Til.” 


side of the muzzle. The cascable had a projection underneath, which . 


fitted into a slot in the head of the elevating screw. Thirteen were 
manufactured, but a pattern was never sealed for the service. 


7-РЕ. STEEL. MARK III. 150 LB. 
CALIBRE, 8 INCHES. 


' 
' 
: 
і<------- ғ------------------- 20:6 NOMINAL іЕМСІН------- -^ 
' 
' 
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This gun differs from the Mark II only in being centre-sighted and 
in having a hole bored through the cascable, through which а год can 
be passed to facilitate carriage and transport. Тһе fore-sight is shaped 
out of the solid metal at the muzzle, ant the hind-sight was a steel bar 
with plain head, but it is proposed that these sights should now be 
fitted with a deflection leaf. 

In 1873 а more powerful gun was adopted as a Mark IV, and this is 
now generally used both for land and sea service. It is made out of 
8 — ingot of steel, and is half as long again in the bore as the gun 

с.о.) . N 


7-рт. steel, 
Mark ІП. 


7-pr. steel, 
ark ІҮ. 
§ 2498. 


— --ж--т--- 


CHAP. iV. 


' 

be ~~ 
9-pr. 8 owt, 
Mark 1. 
8 0007. 
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7-PR. STBEL. MARK IV. 200 LB. 


CALIBRE, 3 INCHES. 


— G.LENCTM OF BORE ае 


of 150 Ib. weight. The fore-sight is screwed into a small dispart patch 
at the muzzle, and two tangent scales are provided, one graduated to 6° 
which can be carried in the gun, and the other to 12° for long ranges. 

All the foregoing natures of 7-pr. guns have the same calibre, viz. : 
3 inches, and the “ French " groove for the rifling. with a uniform twist 
of l turnin 20calibres, They fire the same projectiles, but not all with 
the same charge. They are rear-vented (that is to say, the copper- 
bush is placed near the extremity of the bore) on account of firing very 
small churges. The bush is of exceptional pattern, being only 0°625 
inch in diameter and having a fine screw on the exterior of 18 threads 
to the inch. The vent-channel, however, is of service diameter, viz ; 
0:22 inch, to suit the common friction tubes. The sights are not inter- 
changable, 


Порт. R.M.L. Guns. 


There are five natures of 9-pr. muzzle-loading guns, two of which 
have been appropriated to “ Land” and three to “ Sea” service, 

As regards their construction, they are all made of a steel barrel and 
wrought-iron jacket. 

The calibre is 3 inches. 

The rilling consists of 3 grooves, in section known as the “ modified 
French," with a uniform twist of 1 turn in 30 calibres. 

The guus аге vented perpendicularly at the end of the bore, with а 
copper bush of universal diameter. 

They are centre-sighted ; and a second or long tangent scale is 
provided for extreme ranges: Ше shorter one only can be carried in the 


n. 
The changes in pattern are explained in the following historical 
sketch, 
9-Рн. 8 CWT. MARK I. 


CALIBRE, 3 INCHES. 


-44 BETWERW PACES Of НТ» 


The Mark I was adopted in 1871, to supersede the Armstrong 


Digitized by Google 
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R.B.L. guns for field service, after experiments and trials which had онар. IV. 

extended over five or six years. . -- 
Тһе fore-sight on this Mark of gun is а small screw hog-backed 

sight which is fixed in a dispart patch at the muzzle. The tangent 

sights are provided with deflection scales, the leaf being clamped with 

a thumbscrew. | 
In 1878 & gun of this kind was sealed to govern supplies for the 

navy, and designated the 9-pr. Mark II. 


9-pr. 8 cwt., 
9-Рв. 8 OWT. MARK II. ады IL 
CALIBRB, 8 INCHES. 5 2599. 
a 
NOMINAL LENGTH-- --~-~--™% 
------------.---с----.---.72 TOTAL LENGTH = 
This differs from the Mark I chiefly in sighting; it has по swell at 
the muzzle, but there is a small dispart patch into which a pillar fore- 
sight is screwed, and the tangent sights are of S.S. pattern.* 
A friction tube pin and guide plate are also affixed to the breech. 
| 9-рг. 6 cwt 
9-PR. 6 OWT. MARK I. Mark 1. 
§ 2674. 


CALIBRES, 3 INCHES. 


є явав ав == сз =з a «в өш ез «> «» aana a о т» e n ~ TOTAL ҺЕМСТН.--------- ж 


Designs for a shorter and lighter gun had been prepared іп 1866, and 
a few Б back made for — trials, but they had proved to be 
rather too short. However, it was decided in 1878 that some which 
were lying unfinished in store should then be completed for boat guns; 
at the same time it was never intended that any more of this pattern 
should be manufactured. Only 45 have been issued accordingly. | 

These guns differ from the heavier natures in being 10°5 inches 
shorter. They have no swell at the muzzle, and the fore-sight is a 
block of steel which is atrached to the gun by three fixing screws; 


* The latest pattern is furnished with sliding leaf for deflection. š 
N i 


ОНАР. ТУ. 


$ 3962. 


9-pr. 6 cat., 
Mark ПТ. 


N 


oA EE 
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the tangent sights are of S.S. pattern, and hitherto they have been 
made with plain heads, but in the latest pattern a sliding leaf has been 
added for giving deflection. 

Although the projectiles are the same for all 9-pr. guns, the charge 
for this nature is less than the charge for the others, on account of its 
shortness of bore; it is only 14 lb. R.L.G.? instead of 1815. ; the М.У. 
is therefore about 150 f.s. less, and the power of this gun is inferior to 
that of all other 9-pr. R.M.L. guns. 


9-PR. 6 CWT. MARK II. 
CALIBRE, 8 INCHES. 


. . 
ГҒ-------------------------- 71 NOMINAL LENGTH- -= ==- –- Y 


In 1874 a new gun of 6 cwt. was designed and adopted for the sake 
of mobility in the Royal Horse Artillery; this differs from the 8-cwt. 
gun chiefly in weight and dimensions: both guns fit the same carriage, 
are — alike, have the same rifling, and take the same ammunition. 
The lighter gun is, however, the longer of the two, and with the same 
charge gives a little higher muzzle velocity. f 

In effecting this reduction of weight (amounting to one-fourth of the 
original weight of the piece) without any loss of power, the neck of 
the cascable was cut down rather too small. Тһе apparent thickness 
also is very much reduced by a large slot underneath, which is cut into 
the metal to receive the head of the elevating screw. Several instances 
occurred cf cracks starting from the angles of the slot after much 
firing, which arose from the jar on the elevating gear; in two cases 
the cascable was quite broken off. It was therefore decided in 1881 
that the small cascables should be entirely removed, and stronger 
buttons of wrought iron screwed in instead. A few guns received 
strengthened cascables of steel, but this metal is not so suitable as 
iron. The material in each case is stamped on the new cascable. 

The method of sighting is alike in both the L.S. guns, but the tangent 
sights are not interehangeable, as there is a difference in the radius to 
which the sight bars are graduated. 


9-pr. 6 cwt. Mark III. 


In 1879 a few 9-pr. guns of 6 cwt. were required for sea service, and 
а small number of tho Mark II guns were altered accordingly. 

The alteration from the L.S. pattern consists in reducing the dispart 
patch without interfering with the swell at the muzzle, so that a screw 
fore-sight шау be used with this gun. 

The tangent scales are not interchangeable with those for either of 
the other S.S. 9-pr. guns. 

S.S. fittings are supplied, and preserving screws which ere always to 
be used when the fittings are not required on the gun. 

These form a new series in which the numbers commence at 1001, to 
avoid confusion with the L.S. guns of the same nature and weight, 
which might otherwise bear the same numbers. 


13-рг. R.M.L. Gun. 
The manufacture of 13-pr. guns was commenced in 1879 and the 
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first pieces were completed as breech-loaders. Compared with the 
field guns of that time their power and accuracy of shooting was very 
remarkable, but breech-loading did not meet with approval. A con- 
siderable number of these guns, however, were шахал to be made, 
subject to completion as M.L. ог B.L. when the question could be 
decided. It was subsequently ordered that they should be finished as 
muzzle-loading guns. 
In general construction the Mark I 13-рг. resembles the 9- and 16-pr. 
, that is to say, it is built up of а steel barrel and wrought-iron 
jacket; but they differ in dimensions, and in almost every detail from 
the foregoing guns. 


18-рв. 8 CWT. MARK I. 
CALIBEE, 3 INOHBS. 


у А Феја “ š 

гай |*#== = ew —— =m 35:3------- эээээээээ.Цз.....Б 6ү .-----.-.-.-......... ~ 
, 

. ” 

б-“-------“----- -- --- 92 TOTAL- LENGTH-------------------..-..4 > 


Increased length is one of the principal features in the 13-pr. gun, 
the length of bore being 28 calibres. e calibre is 8 inches, and the 
powder chamber is slightly larger in diameter than the bore. "Гһеге 
is а “ choke" or contraction between the chamber and end of the rifling 
to prevent the projectiles from being rammed too far іп the gun. The 
capacity of the chamber is 109 cubic inches. : . 

This gun is forward-vented with а copper bush vertically situated 
about the middle of the chamber. | 

The rifling is polygroove and consists of 10 grooves of the Maitland 
muzzle-loading type, being half-an-inch wide and 705 inch deep; with 
lands of the same width as the grooves. The twist increases from 1 
turn in 100 calibres to 1 in 30 at a point 9 inches from the muzzle, the 
remainder being uniform at that pitch. be 

The guns аге centre-sighted with special sights. Тһе fore-sight is а 

n-metal block, which fits into а recess in a dispart piece at the muzzle, 

aving an acorn at the top for a rough line in laying, and cross wires 
іп а window below. This sight should not be carried on the gun; a 
preserving block is supplied to take its place when the battery is not 
required for action. The hind-sight is a steel tangent bar with a cross 
frame to carry the leaf for deflection; the leaf has a movement of 
1 degree right or left, and is traversed by means of a screw, which 
dispenses with the necessity fora clamp. It is furnished with the 
ordinary notch for rough laying, and an eye-hole to be used with the 
cross-wires. 


13-pr. 8 сил. Mark II. 


CHAP. IV. 


----- 


13-рг. 8 cwt., 
Mark Г. 


$ 4067. 


Тһе gun differs only іп material from the Mark I, being made бы 


entirely of steel. 


3 = 


СПАР. IV. 


16-рг.12 cwt. 
әсі.” 


$ 2221. 


25-рг. 18 cwt., 
Mark I. 
§ 2673. 
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16-рг. R.M.L. Gun. 


In 1870 experiments were made with R.M.L. guns of 8:3-inch and 
36-inch calibre, with the view of providing a more powerful piece than 
the 9-pr. gun for some of the heavy field batteries. Тһе latter calibre 
was adopted: aud here it will be well to point out that in following 
the series of R.M.L. guns according to weight or calibre, chronological 
order cannot be preserved; the 18-рг. gun just described was а more 
modern piece by ten years than the 16-pr. R.M.L. gun. 


16-Рв. 12 СУТ. MARK I. 


CALIBRB, 9:6 INCHES. 
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The construction, rifling, and position of the vent are the same іп 
this as in 9-pr. guns; but the sighting is entirely different. The 16-pr. 
is sighted on both sides; the trunnion-sights are pillars of steel with 
hog-backed leaf screwed into the trunnion ring; and the tangent 
sights, which are graduated to the short radius, are fitted with slow- 
motion nuts for adjustment to one minute of elevation. 

The hind-sights are clamped by means of copper set screws secured 
to the gun, and their removal is prevented by a pin screwed into the 
side of the breech. 

The 16-pr. is а very short gun, for the length of bore is only 19 
calibres. It із used for land service alone. 


25-рғ. R.M.L. Gun. 


The 25-pr. R.M.L. gun was proposed in 1871 as a gun of position 
and light siege piece, but its introduction into the service was not 
decided until 1874. There is only one Mark of this nature, and this 
has been issued for land service only. 


” 
: 
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In construction it resembles the 16-pr. gun, but owing to increase of 
length a В сой is introduced in front of the trunnions, and the jacket is 
shortened accordingly. 

The calibre is 4 inches, and the bore is 22 calibres in length. 
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The rifling consists of three “ Woolwich” grooves, with an uniform 
twist of 1 turn in 35 calibres. 
The gun is rear-vented 1 inch from the' end of the bore, with a 
copper bush perpendicular to the axis of the piece. 
t is sighted on both sides; the trunnion sights are of the drop 
pettern, and the hind-sights are furnished with the slow-motion nut so аз 
to read to every minute for elevation. 


40-pr. R.M.L. бит. >< | 


In 1871 it was decided to make 40-pr. muzzle-loading guns to 
supersede the B.L. screw guns of corresponding weight and calibre. 
There are twe marks of this nature, which differ chiefly in length; they 
fire the same ammunition and fit the same carriage, but the longer gun 
gives higher velocity ; it is therefore more powerful, and the sights 
and range tables are different. 


40-PR. 84 CWT. MARK I. 
Scale, 4. 


— 
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This gun is built up of а solid-ended steel barrel, а В tube of coiled 
iron over the chase, a jacket, and cascable screwed in to support 
the end of the barrel. This is the first gun in the series in which the 
steel is not carried through to the cascable loop and in which the end 
of the bore is coned. 

A gas channel is formed on the cascable screw for the gas to act as 
a tell-tale Dy its escape in the event of any failure of the A tube. 

The calibre is 4-75 inches. 

The rifling consists of three Woolwich grooves, with a uniform twist 
of 1 turn іп 35 саНЬгев. 

The gun was rear-vented at first as shown in the figure, but all 40-prs. 
now passing through the Royal Gun Factory are revented in a forward 
position 7 inches from the end of the bore. 

It is sighted on both sides like the 25-pr. gun. | 

During the experiments carried on with the first of these guns there 
was some irregularity of shooting, which was attributed to incomplete 
combustion of the charge; a longer gun was therefore manufactured 
which gave more satisfactory results, and this design was approved in 
1874 to supersede the Mark I, of which, however, twenty had already 
been made. These will be issued only to batteries of position. _ 
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40-рг. 34 cwt, 
Mark Г. 
$ 2478. 
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40-pr. 35owt., 
Mark II. 
$ 2672. 
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40-PR. 35 CWT. MARK II. 


Scale, 
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The additional length of about 20 inches added only 1 cwt. to 
the nominal weight of the gun, because a reduction of thickness was 
effected at the same time over the breech. The length of bore was 
increased from 18 to 22 calibres. 

The construction resembles that of Mark I, except that, on account of 
its length, а jacket and В coil were substituted (as in the 25-pr. gun) for 
the jacket alone. The rifling, position of vent, and the system of 
sighting remained the same as in the Mark I, but the tangent sights are 
not interchangeable on account of the different radius in sighting.* 

The fore-sights, however, are common to both, and they are also 
interchangeable with those for the 25-pr. guns. 

À new range table has been issued for the 40-pr. Mark II, which was 
rendered necessary by the development of muzzle velocity; this increase 
was due to the combined effect of а change in the powder, forward 
venting, and the adoption of gas-checks on the base of the shell. 


64-pr. R. M.L. Guns. 


The 64-pr. gun was the first muzzle-loading rifled piece introduced 
into the service. It was the heavy gun of its day, and superseded the 
B.L. wedge gun of about the same weight and also the 7-inch R.B.L. 
gun. Іп point of fact the first guns of this nature were built for 
breech-loaders and intended for 64-pr. wedge guns; a large number 
had been completed in this way, and some had been issued to the navy; 
but these were soon withdrawn from the service, and Fecently the 
whole class of wedge guns have been removed fron the list of artillery. 
Orders have now been given for the wedge guns to be broken up 
whenever the material is required. 

The adoption of muzzle-loading guns was decided upon in 1864 after 
years of experiment and trial, and the calibre of 6:3 inches was chosen 
that these guns might be able to fire 32-pr. spherical shot. Тһе 64-pr. 
gun has since passed through three changes of pattern and various 
alterations besides, which might well have constituted additional marks 
of the gun. | 


% Тһе 25- and 40-ргв. fitted for siege train һауе cross-bar sights (fitted to one 
side only) ; they are set at the angle of drift so the deflection scale is not longer 
one side than the other. 
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64-РЕ. 64 CWT. MARK I. 


CALIBRE, 6'3 INOHES. 


The construction of this gun is of the Armstrong or original type, 
viz.: а barrel of coiled iron, a forged breech-piece, а В tube with 
muzzle-piece for the swell, four external thin coils, a trunnion ring of 
forged iron, and a cascable screwed into the breech to support a copper 
cup, which closes the end of the bore. 

There was no gas escape in the earliest guns of this nature; it was 
introduced after a certain number had been made, and then it was placed 
under the cascable. 

The guns are both side and centre-sighted, with an angle of correction 
for drift of 2216. All heavier guns, with very few exceptions, are іп 
like manner provided with three sets of sights. 

The rifling at first was the“ Shunt” groove with an uniform twist of 
1 turn in 40 calibres. This form of groove was applied to all marks of 
the 64-pr. guns in succession, and to larger experimental pieces as well, 
but in 1870 it was decided to abolish the shunt system, and the 
* plain” groove was adopted instead; this is simply the deep portion 
of the shunt, that the alteration пи not affect the projectiles іп use 
with these guus. It was ordered also that this change should be made 
in all existing 64-pr. guns on being repaired with a new barrel, so the 
- shunt system is gradually becoming extinct. 


64-РЕ. 64 OWT. MARK II. 


CALIBRE, 6'3 INCHES. 
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Only а few guns of this pattern were made in the year 1866. It 
differs from the Mark I in — built up of fewer parts, іп exterior 
shape, and in the end of the barrel being closed by a —— plug, 
з copper disc intervening between the plug and the cascable screw. The 
swell at the muzzle is abolished and the chase is formed by the barrel 
itself, which is made of double thickness until reinforced by a coil. The 
gun is cylindrical from the breech to the trunnions, and the trunnion ring 
is welded to the breech coil to give longitudinal strength. Hook joints 


CHAP. IV. 


64-рг. 64 сті 
ark 
§ 1062. 


CHAP. IV. 


61-pr. 64 cwt., 
Mark III. 
8 1608. 


64-pr. 64 cwt., 
Mark ІП, 
with steel 
barrel. 
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were also introduced for the same reason wherever the portions 
overlapped one another to “ break joint” in the construction. These 
guns were marked with the letter B on the left trunnion at first, as an 
indication of pattern before the numerals were ‘adopted as a general 
mode of distinction. 

In rifling, sights, ammunition, &c., the Marks I and II 64-pr. guns 
are exactly alike. 


64-PR. 64 CWT. MARK III. 


CALIBRE, 6'3 INCHES. 
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The manufacture of Mark III was commenced in 1867, in consequence 
of experiments which proved that this system of construction was 
stronger than that in which a forged breech-piece was used. The 
alteration mainly consisted in the adoption of а jacket of Fraser con- 
atruction (with a triple coil over the breech), which comprised nearly all 
the exterior metal of the gun and covered about three-fifths of the length 
of the barrel. 

In external appearance this gun resembles Mark II, but the breech is 
rounded off because there are no layers in the thickness of metal, which 
is all welded into one solid mass. 

Guns of this pattern issued prior to March, 1868, have D stamped on 
the left trunnion; but this letter is removed as opportunity offers, and 
Mark III engraved in its stead. 

These Mark III guns, which have & wrought-iron barrel, were issued 
to the navy, but are now being withdrawn to be re-tubed with barrels 
of steel. 

In 1871 solid-ended steel barrels were adopted in lieu of the coiled 
iron tubes, and а B tube of coiled iron was shrunk over the chase. This 
change in construction, however, did not constitute a new mark of gun 


64-PR. 64 сит. Marx III. 


WITH STEEL BARREL. 
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though the alteration led to an increase of strength with a consequent 
increase of charge both in powder and weight of the shell; the latter 
is now 90 lb., but it is still called a 64-pr. gun, and even the numeral 
remains as before. 

The angle of sighting is 2° 50’ for these, but 2° 16’ in all other 64-pr. 
guns. The shunt groove will рођ be found in a steel barrel. 

With change of design a slight difference was made in the dimensions 
of the cone at the end of the bore, and this point has been complicated 
further by the repair of many guns with a new A tube, an operution which 
was always carried out according to the latest method approved, and 
not according to the Mark of the gun. In 1880 it became necessary to 
affix some distinctive mark on these guns to indicate the form of the 
chamber and to govern the distribution of sponges; so an order was 
given to have the letters А, В, С, or D stamped on the face of the 
muzzle. The illustration below will show the varieties of form and the 
dimensions in each case at the end of the bore. 

A paragraph in the ** List of Changes in War Stores” was published 
to govern the execution of this work by local artificers (see $ 8718). In 
these instructions not only was the work fully explained, but all the 
register numbers of the guns were clearly set forth in groups according 
to the letter which was to be engraved upon each. The numeral or 
mark was not a sufficient guide for this work, because of the repairs 


64-РЕ. WROUGHT-IRON RIFLED GUNS ОҒ 64 CWT. 


CHAP. IV. 


$ 8718. 


which had been done upon many. For the same reason this paragraph 
is no authority now as to the form of chamber in any particular gun, 
for many have received new A tubes since that date. 
. Marks I and II are repaired with coiled iron barrels, with a coned 
end of the С form; all Mark ПІ guns are re-tubed with steel, and 
these have the D form of chamber ; consequently, the А and В chambers 
are gradually being abolished.* 

— It is probable that 64-pr. guns for S.S. will iu future be prepared for 
the reception of a steel removable suit bush, а description of which and 
instructions for its use will be found at page 846. | 


* By a recent order the Marks I and II are not to be repaired in future. 


СНАР. ТУ. 


66-inch 
70 ewt., 
Mark I. 
5 4373. 
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6.6-inch R.M.L. Gun. 
This is a modification of the 64-pr. gun of 64 cwt., and was originally 


‘intended to ђе а conversion only; but with the exception of experi- 


mental pieces these guns have all been made entirely new. 

The alteration which was carried out at first in a few 64-pr. guns 
consisted in boring out the metal to the full depth of the grooves (,3,ths 
of an inch), and in re-rifling the piece on a polygroove system with a 
calibre of 6:6 inches. The нара of the gun was not reduced to any 
appreciable extent by this change, for the slight reduction of thickness 
was balanced by the advantage of the polygroove rifling, which dis- 
tributes the work done by the meta] more equally all round the bore. 

The new calibre enabled the gun to fire a shell of greater capacity, 
so the power of the piece was increased. It was also intended that 
the 6:6-inch R.M.L. gun should be associated with the 6°6-inch R.M.L. 
howitzer, in which case the ammunition for these two pieces of ordnance 
would become interchangeable. 

Conversion, however, was not a success, and it was therefore 
decided that new guns should be made; at the same time the weight 
was increased to 70 cwt. These guns will now be used in а heavy 
цан of siege train ; and it is also intended that some shall be mounted 
in forts. 

The gun is built up with an A tube of steel, forged and tempered in 
oil; а breech-piece and В tube of coiled iron which form the second 
layer of metal; a 0 coil in front of the trunnions which covers the 
joint; and a jacket consisting of a D coil and forged trunnion ring 
welded together; a cascable is also screwed into the breech to support 
the end of the barrel. 


6`6-їхси. 70 CWT. MARK I. 
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The rifling consists of 20 grooves of the Maitland muzzle-loading 
type, with a twist increasing from 1 turn in 100 calibres at the breech, 
to 1 in 35 at a distance of 13:2 inches from the muzzle, the remainder 
being uniform at that pitch. 

The grooves terminate abruptly 21 inches from the end of the bore, 
thus forming a stop for the projectile to regulate the density of the 
charge, and to prevent the shot from entering the chamber, which has 
a diameter of 6:5 inches, and a capacity of 707 cubic inches. 

The gun is prepared for a hydro-pneumatic carriage (HP) by being 
fitted on either side with a pivot piece, and a trunnion plate with the 
necessary screws for attachment. 

This gun is sighted оп both sides, and is supplied with two kinds of 


L ;oogle 


RIFLED MUZZLE-LOADING GUNS. 191 


tangent sights, viz.: one pair of special sights with reflectors, and two CHAP. ГУ. 
tangent sights of the ordinary service pattern (except that they have — 
longer deflection scales) for direct laying ; the sights fit into sockets 

on each side of the breech. А set of cross-bar sights is supplied to 

each gun also, as for the other siege guns (p. 186). 
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! 
The trunnion sights are of the drop pattern, with gun-metal sockets. 
A reflecting sight for this gun* consists of a rectangular steel bar 
— from 1 to 10 degrees: this carries a steel bracket, the 
irection of which is parallel to the axis of the gun, to be clamped at 
the desired elevation by a screw. Upon the muzzle end of the sliding 
bracket is a sight leaf with a notch, which can be moved laterally on а 
deflection scale to the extent of 1j degrees right or left. A mirror 


* Identical in arranzement with the chase sights, р 159. 


СНАР. ТУ. 


7-іпеһ, 7 tons, 
Mark I. 
§ 1230. 


7-inch, 7 tons, 
Mark IT. 
§ 1607. 
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is pivoted on the sliding bracket between the sight leaf and the bar, 
and revolves round an axis at right angles to the bracket; it can beset 
at any angle to suit convenience in laying. 


7-тей R.M.L. Guns. 


There are three distinct natures of 7-inch guns, and two out of the 
three have passed through several changes т pattern. Internally they 
are all exactly alike except in length of bore, and they fire the same 
natures of projectiles, but with varying charge. 

The rifling consists of three grooves of “ Woolwich” form, with an 
uniform twist of 1 turn in 35 calibres. 

They are all radially vented with a copper bush set at a distance of 
8:5 inches from the end of the bore, which was estimated to be four- 
tenths the length of the cartridge. 

They are all side and centre-sighted, and the sights for the two 
heavier natures were at first interchangeable, for the radius distance and 
tangent scales arealike; but when the yards and fuze scales were added 
the sights became different, and each nature of gun now has its own. 

The first in historical order is the 7-inch of 7 tons, and there are four 
marks of this weight. It has been issued to land service only. 


7-INCH. 7 TONS. MARK I. 
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Mark I was approved іп 1865 аз a battering gun, to replace the 
7-inch B.L. screw gun for land service. It is built on the Armstrong or 
original system of construction, and сап be recognised Бу its external 
form. The end of the bore is cylindrical. A gas escape channel is cut 
perpendicularly through the breech-piece from the end of the barrel, 
and thence to the outside of the gun underneath the cascable loop. 

A large number of these guns have been made, 


7-INCH. 7 TONS. MARK II 
Scale, 35. > 
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A few of this pattern were made іп 1867. The construction is that 
kuown as the “ modified” system, being а link between the Armstrong 
and Fraser methods of manufacture. The guns consist of а coiled iron 


7-гчсн. 7 TONS. MARK III. 
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In 1868 the “ Fraser” construction was approved for this gun, 
together with an A-tube of steel; these were stamped F II on the 
trunnion, until the designation was changed to Mark III. 

The chief alterations (as compared with Mark II) consisted in doing 
away with the breech-piece ; in forming a triple breech coil by the 
process of winding bar upon bar; and in welding the whole mass of 
exterior metal together (excepting the thin portion of the tube over 
the muzzle and chase) іп the form of a jacket. The B-tube was ге- 
modelled; for the thick part was embodied in the jacket, and the thin 
portion only remained to be shrunk on as а separate part of the gun, 
retaining the name of “ B-tube.”. 

The conical form at the end of the bore was somewhat extended to 
furnish sufficient thickness of steel at the point where a shoulder was 
formed on the outside of the barrel; this shoulder was intended to 
take part of the longitudinal thrust by throwiug more work on the 
solid part of the jacket and less on the threads of the cascable 
screw. 

The manufacture of 7-inch guns then ceased for a time, but it was 
resumed in 1878, when a pattern was sealed as Mark IV; a large 
number had been made of Mark III. 


* This marking was applied also to the 7-inch of 6$ tons of similar construction ; 
and to the 8-inch and 9-inch R.M.L. guns. (See $$ 1462 and 1596.) 

f All 7- and 8-inch guns with iron barrels are now to be withdrawn from the 
service. 
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7-inch, 7 tons, 
Mark III. 
§ 1607. 


194 RIFLED MUZZLE-LOADING GUNS. 


CHAP. IV. 7-IncH. 7 TONS. MARK IV. 
Scale, ji. 
7-inch, 7 tons, —— 
Mark IV. А 
5 3419. : 
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This differs from the Mark III only in construction, the dimensions 
being exactly the same. There is a slight increase of thickness in the 
steel tube at the breech end, and the Fraser jacket is divided into three 
parts, viz.: а breech-piece of coiled iron, а B-coil in front of the 
trunnions, and a jacket according to ће К.С.Е. system. Ву the 
re-introduction of a breech-piece among the parts of construction the 
outline becomes similar to that of the 7-inch Mark II; but it may be 
well to point out that the breech-piece in this case is coiled iron. 


7-inch,6]tons, 7-INCH. 6} TONS. MARK J. 
ark I. Вса! 
$ 1281. © we 


7-inch,6}tons, 
Mark II, 
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This gun was approved for S.S. in 1865, shortly after the introduction 
of 7-inch guns for L.S., being 12 inches shorter, and therefore more 
convenient for working on board ship, but а large number have been 
recently transferred to L.S. Из construction is much the same as that 
of the 7-inch of 7 tons Mark I. A heel-scale is engraved on the rear 
face of the cascable. 
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These were contemporary with the 7-inch Mark П of 7 tons,and were CHAP. IV. 
built up of the same number of parts; a few only were made, and these анж 
were stamped Е I on the trunnion. They are now to be withdrawn 
from the service, as opportunity offers. 


7-Ічон. бі TONS. MARK III. 7-inch 6} tons, 
| Mark ІП. 
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In 1868 the change already described as having taken place in con- 
struction was applied generally to all heavy guns; so the Mark III in 
this case exactly resembles the Mark III of 7-inch of 7 tons. They 
were all шанаа ЕП on the left trunnion at first. 

The manufacture of S.S. guns of this weight, however, was soon dis- 
continued, and no later pattern was introduced as in tho case of the 
7-inch land service guns: they were superseded altogether by heavier 
ordnance to pierce armour of increasing resistance, and some which had 
never been finished were reduced at the request of the Admiralty in 
1874 by one-third of, their weight to make broadside guns for un- 
armoured vessels. 


7-іхсн. 90 сут. [MARK 1. 7-inch,900wt., 
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In this conversion the interior of the нар was unaltered, but the 
exterior was turned down all over and slightly shortened at the breech 
end. То regulate preponderance, however, it was necessary to make a 
new jacket, and therefore to turn off more metal than the mere differ- 
ence of weight: the remainder of the old jacket was left to form a 
breech-piece. . : . 

A few new guns have been made of similar outline though not quite 
the same in design, which are included in the designation Mark I, but a 
large number of the service guus of 6% tons have been reduced to this 
pattern. 

(с.о.) ` o 
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8- inch, 9 (cns, 
Mark I. 
8 1299. 


8-inch 9 tons, 
Mark II. 
§ 1643. 
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These guns do not бге а battering charge, consequently they diff er in 
muzzle-velocity, sighting, and drift; the angle of sighting is only 44’ 
instead of 3°, as in all the other 7-inch guns. 


8-inch P. M.L. Guns. 


There is only one nature of 8-inch, but this has passed through three 
changes of pattern. The construction in cach case corresponds with 
the similar mark of the 7-inch guns of 6} or 7 tons weight. 


8-Іхси. 9 TONS. MARK I. 
Беле, 2. 
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The first 8-inch guns were introduced for S.S. in 1866, but a few 
were afterwards issued to L.S. ; altogether 76 of this mark have been 
made. Theconstruction and different parts are shown in the accompany- 
ing drawing. 

8-1хсн. 9 TONS. MARK II. 
Seale, 25. 
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А few only of this pattern were made іп 1867, when this mole ot 
construction was adopted for all the heavy guns which happened to Ее 
under manufacture at the time. These have wrought-iron barrels 
closed with the Elswick loose end. The forged breech-piece was 
retained, but the dimensions were altered in front of the trunnions, 
They were marked FI. No pattern was sealed, and no separate 
description was given in the Changes of War Stores; they are onl 
mentioned as an addendum to the paragraph re'ating to the 8-іп 
Mark ПІ. These guns with wrought-iron tubes are now to be with- 
drawn from the service. 
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8-INCH. 9 TONS. MARK III. CHAP. IV. 
Scale, zs. 8-inch 9 tons). 
юэ Mark ITI. 
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The Mark ПІ was approved in 1868. These guns were built up on 
the “Fraser” system, and a few were marked F Il at first. Тһе 
dimensions are exactly the same as in the previous pattern. 

The rifling inall the 8-inch R. M.L. guns consists of four “ Woolwich” 
grooves with an increasing twist, which commences from zero and ends 
with one turn in 40 calibres at the muzzle.- The change from uniform 
to increasing twist was rendered necessary by the weight of the shell, 
which are more than half as heavy again as those for 7-inch guns. 
For this reason increasing twist was applied to all larger guns, and a 
few years later the change was extended to all rifled ordnance without 
regard to calibre. 

The sights are the same for all Marks of 8-inch, but there is a slight 
difference in their position, which affects only their height and their 
distance from the centre of the gun. For S.S. the rear face of the 
cascable was graduated with a heel-scale. 


9-inch R.M.L. Gune. 


There are no less than five Marks of this nature. The first three 
represent the Original, the Modified, and the Fraser construction as in 
the 7- and 8-inch; but a greater number of this calibre were made 
and further changes were introduced in the method of building them 


up. 
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CHAP.IV. The Marx I was designed in 1865 аза broadside gun for ironclad 
— ships, and for the defence of harbours and sea-fronts; 190 were made. 
They may be easily recognised by their outline, and the number of 

grooves in the rifling, which in this calibre is six.* 


9-тхси. 12 TONS. MARK II. 
§ 1642. Scale, 44. 
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This pattern differs from Ше Mark I both іп externat form and 
construction, being similar to the Mark II in 8-inch, except that the 
barrels were all made of steel. The length of rifling was reduced to 
8 feet 8 inches except in a few of the first, in which it was 8 feet 11°5 
inches as in Mark І. Twenty-six of this kind were sent out, and they 
were stamped with the letter F I on the trunnion until 1868, when the 
new system of marking commenced. 


9-inch,12 tons 
Mark III. 9-1NCH. 12 TONS. MARK III. 
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fhe Mark ІП was approved in 1868, and 136 of this pattern were 
made, а few being stamped F II at first. Experiments with a gun 
of this kind, together with one which was built up on an improved 
system, led to the adoption of another method of construction, which is 
shown in the drawing of Mark IV. . 

An experimental gun was built up with a coiled breech-piece, and 
the étui Васа was reduced in thickness, from 3 to 2 inches. The 
dimensions of the gun were unaltered, except that the breech-piece 
again became evident in the exterior form of the gun. 


* There nre no guns in this ecries with five grooves in the rifling, nor with eight, 
as may be noticed hereafter. | | 
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9-INOH. 12 TONS. MARKS IV AND V CHAP. IV 
4 < Scale, уу. — 
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This construction was adopted in 1869 as a Mark IV; but the pre- 
ponderance proved to be rather too great, so a Mark V was designed 
which only differed from the Mark IV in position of the trunnions; 
these were placed “375 of an inch further back. 
The rifling consists of six grooves, with a twist increasing from zero 
to one turn in 45 calibres at the muzzle. 
The Mark I has a cylindrical chamber, but in all later patterns the 
chamber 18 conical. | 
The 9-inch, like all heavy guns, are side and centre-sighted. The 
socket hole for the centre hind-sight ought to be deepened to receive 
the newer pattern or lengthened sight-bar. This remark applies also 
to the 10, 11, and 12-inch R.M.L. guns up to 25 tons, and all that have 
S % prepared should be stamped in front of the socket with the 
etter D. 
The copper bush for 9-inch and all heavier R.M.L. guns is only 
partially provided with a screw thread, which extends for 6 inchesfrom 
the top of the cone; this length, however, has proved quite sufficient 
to secure the bush in the gun. : 


10-inch R.M.L. Guns. 


There are two Marks of 10-inch. The first was proposed in 1865, 
owing to the success of the 9-inch, but it was not introduced into the 
Navy till 1868. They are now used either for L.S. ог S.S. 


10-ІЯСН, 18 TONS. MARK І. 10-inch, 18 
Scale, DZ. tons, Mark I 
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10-inch, 18 
tons, Mark IT. 
$ 1905. 
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There are only 18 guns of Mark I, which were built up on the 
** Fraser " construction, so in this respect they correspond with Mark 
III in the foregoing natures of heavy R.M.L. guns. In the following 
year this mode of construction was үз a oe һу the R.G.F. system, 
but when applying the new method of construction to this calibre of 
gun a slight departure was mace from the portions which constituted 
а 9-іпсһ Mark V ; in fact the 10-inch Mark II was the earliest nature 
which fully embodied the system of manufacture developed in the 
Royal Gun Factory and now known as the © R.G.F. system.” 


101хси, 18 TONS. MARK II. 


Seale, <. 
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This gun consists of six parts, viz. : the barrel, breech-piece, В coil, 
B tube, jacket, and cascable. 

‘The 10-inch guns are rifled with seven grooves, the twist increasing 
from 1 turn іп 100 #01 in 40 calibres, the maximum pitch being 
reached at the muzzle. 

The vent is placed on the right side in а forward position, radially 
situated, but at an inclination of 45° with the vertical plane which 
passes through the axis of the piece. For S.S. when Ше guns аге 
mounted in turrets, the left gun in each turret is vented in a similar 
manner on the left. 

10-inch and all heavier guns are bell-mouthed at the muzzle to 
facilitate loading ; the grooves also are splayed for the same purpose 
by cutting away the metal in the bore for a short distance on the 
loading side of each groove. The amount of splay may differ even in 
the same nature of gun; but the half and three-quarter splay will be 
changed in course of time to the full amount. This point affects the 
tampeons which ought to fit tightly in the muzzle. 

A few of these guns for L.S. which are mounted on small-port 
carriages have the side-sights placed nearer the centre than the service 
position : this has been done to obtain a line of sight through the port. 

he Mark J derricks for 10-inch guns have been found at certain 
ranges to interfere with this line of sight; the evil, however, has been 
remedied in the derrick Mark II for these guns. 


ll-inch R.M.L. Guns. 


'There are two Marks of 11-inch guns corresponding with the two 


Marks of 10-inch, and notwithstanding the change of calibre their 
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length is‘as nearly as possible the same, althcugh the weight is in- CHAP. IY. 
creased from 18 to 25 tons. With heavier projectiles the number of — 
grooves was increased; there are nine in this and all the heavier 
muzzle-loading guns, which have the * Woolwich " system of rifling. 

The introduction of this nature was due noi so much to the steady 
progress in size, as to the question of calibre for a gun of this weight : 
25-ton guns had already been made, but with a 12-inch calibre; the 
length had been limited by the Admiralty, and experiments were соп- 
ducted by the Ordnance Committee to determine the best calibre for 

wer. Ultimately both calibres were adopted, and the similarity 
Шығын 11 and 12-inch guns of 25 tons із apt to lead to confusion, for 
there is no difference in external appearance or rifling; the only point 
{and one by no means conspicuous) by which these guns can be known 


or distinguished is by the diameter of bore. = 
11-1ксн. 25 TONS. MARZ I. — m 
Scale, 2.. $ 202. “а, 


р , , 
к---------------------- 182.6 = 15.2 TOTAL 1ЕЧСҮН------------------------ > 


Introduced in the year 1867, the Mark I is of “ Fraser ” construction, — 
but only seven were made; the manufacture wis then su:pended for 
two or three years. 


11-іп:һ, 25 
11-1хси. 25 TONS. MARK П. Ы iu d II. 


Scale, зу. 5 2102. 
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In 1871 a drawing was sealed for Mark II, a»d а considerable \ 
number of this pattern were made. These were constructed оп the 
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12-inch, 25 
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R.G.F. system: one gun, however, No. 68, differs from the rest in 
having а forged breech-piece; this arose from its being originally & 
12-inch gun of early construction, which was re-tubed as a 11-inch. 
There are nine grooves in the rifling, and the twist increases from 
0 to 1 turn in 85 calibres at the muzzle. 
The position of the vent for these guns is similar to that described 
for the 10-inch. 


12-inch R.M.L. Guns, 25 tuns. 


These are two marks of this nature, which are nominally called by 
thesame weight. In proportion to calibre these are the shortest guns 
in the service; the bore is only 12 calibres in length. They are 
chiefly used in the Navy as turret guns, but a few have been motmted 
for coast defence. 


12-1хсн. 25 TONS. MARK I. 
Scale, 35. 
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This gun was recommended as early ая 1864 to compete with the 
13-inch guns of similar weight, but the trials were not carried out 
until 1866. The 13-inch guns (of which only a few had been made) 
were afterwards withdrawn from the service; and only six of the 


12-INCH. 25 TONS. MARK II. 
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12-inch Mark I remain serviceable now. The actual me of these 
guns is 284 tons, but they are classed with the 12-inch of 25 tons, to 
avoid forming а separate nature. They are built on the “Original” 
system. 

“ийн this designation are comprised all the 12-inch R.M.L. 
guns weighing actually 25 tons; 4 were built on the “Original” 
system, 8 on the modified, and 2 on the Fraser construction; the 
— were made оп the R.G.F. plan, which alone is shown іп the 

wing. 

In 1878 four guns of this class were manufactured by the E.O.C. 
for sea-service: these differ from the sealed pattern Mark II in dimen- 
sions but not in the system of construction * $ 3659). They were 
provided for the armament of H.M.S. “ Belleisle," and are known by 
their Elswick numbers, 3368, 3372, 3378, and 2376. 

The opa and fittings are alike for all 12-inch of 25 tons except 
that a difference exists in the form of the elevating plate on the Е.0.0. 
— arising from Ив position to suit the special carriages on which 
they are mounted. Metal scales also for S.S. instead of wood scales 
are issued with these E.0.C. guns, which are fixed permanently to the 
rear transom of the carriage, and work on a joint which allows of their 
being dropped into a clip when not in use. 

The twist of the rifling increases from 1 turn in 100 cals. to 1 turn 
in 50 at the muzzle. 


12-inch R.M.L. Guns, 85 tons. 


There is only one Mark of this nature. The first gun was completed 
іп 1871 as а 700-pr. of 11:6 inches calibre; but after a few firing trials 
it was bored out to 12 inches, and with this calibre it was finally 
жеңгей for service. Only fifteen have been made: they are chiefly 

“as turret guns for S.S., but two are mounted in Ireland. 


19-Іхсн. 85 TONS. MARK I. 
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Тћеве рше are built on the R.G.F. system, and differ from the 
12-inch of 25 tons mainly in the length of the bore, which was 
increased to 13} calibres; they are also stronger in the breech for 


§ 3659. 
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12:5-inch, 38 
tons, Mark I. 
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the purpose of firinz a much heavier battering charge. The pro- 
jectiles (as well ая the charges) are heavier and also of different 
pattern, so the ammunition is not interchangeable with that supplied 
for the guns of equal calibre weighing 25 tons. 

The cascable was reduced in these guns to a plain button to econo- 
mise space in a turret. 

The grooves, nine in number, have a twist increasing from 0 at the 
breech to 1 turn in 35 calibres at the muzzle. 

Most of these guns, being intended for turrets, were never pre- 
pared for ordinary sights; for L.S., however, they are provided with 
three sets of service pattern in which the centre-sight is exactly the 
same as those used at the side. When mounted in pairs the vents are 
placed on the outer sides, and their elevating plates ов the inner.* 


12:5-i»ch R.M. L. Guns. 


Although the dimensions of the foregoiug guns were suitable for the 
limited space іп а turret, their power did not prove to be commensurate 
with weighf; they were too short for a 12-inch calibre, so in 1873 a 
longer gun was provisionally approved which was 3 feet longer in the 
bore and weighed about 38 tons; two only however were issued with 
this calibre,f and both these have since bcen destroyed. 

Іп 1874, after a series of experiments at Sloeburyness, it was 
determined that the calibre should be 125 inches. 


12°5ахсн. 38 TONS. MARK I. 


‚ In construction this gun resembles the 35-ton gun just described : 
it differs only in dimensions and weight. The cascable also is solid, 


but not quite so small in the neck. 


9 This remark applies to all R.M.L. guns when mounted in turrets. 

+ Nos. 2 and 8 of 12-inch calibre were placed бп board H.M.S. “ Thunderer,” 
which had 35-401 guns in the fore turret, іп order that the ammunition might be 
exactly the same for all her heavy guns. These were both burst by double-loading, 
one in the Black Sea on board ship, and the other in carrying out experiments at the 
Proof Butts in 1879-80, 


„ 
"A 
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12:3-1хсн. 93 TONS. МАНЕ и. 


= Scale, 25. 
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The Mark II differs from the Mark I in having an enlarged powder 
chamber and in being axially vented. In construction, dimensions, and 
outline, the guns are alike; in fact, the Mark II was merely a con- 
version of guus previously made, for in 1880 it was decided to 
adopt the enlarged chamber in some of the 12-5-inch guns in order to 
fire heavier charges. Тһе alteration consisted in boring out the chamber 
to a diameter of 14 inches, with a total length including the cone at 
each end of 41-125 inches. The capacity is 6,000 cubic inches. In 
cutting away the metal to this extent several inches of the rifling 
were necessarily removed, and there is no stop in tke bore to prevent 
а projectile from being rammed into the chamber. Such an accident 
at drill would lead to great difficulty of extraction, and at practice 
to considerable danger. To prevent over-ramming the charge when 
P? powder was used, the cartridges were made up to the proper length 
with atout sticks in the middle; but now prismatic powder should be 
fired in these guns, and the built-up cartridges are sufficiently rigid: 
this point, however, should not be forgotten, for if the charge were at 
any time reduced, or the powder necessarily changed, the danger would 
again be apparent. 

In selecting guns for alteration to the Mark 1I, only those which 
had an extra thickness of steel have been taken. 'The boring out of 
1:5 inches of metal leaves the steel barrel of just the same thickness as 
in the Mark I, but by reduction of pressure in the chamber the strain 
is diminished. 

A few 12:5-inch Mark II have been made for S.S. with trunnions of 
different dimensions to those of the service pattern. For H.M.S. 
* Ajax” and * Agamemnon” the trunnions have а length of 13 inches 
` instead of 7:75; and in the “ Neptune” class both the length and 
diameter are increased, viz., to 9:1 and 14 inches respectively. The 
departure in the latter'case from a service diameter will prevent these 
guns from ever being mounted on an ordinary carriage. 

Two elevating bands are shrunk on to the “ Ajax” and “ Aga- 
memnon” guns, holding a bracket underneath the breech which gives 
the means of attachment (through a bolt) to the sliding bracket which 
works un the elevating bar of the hydraulic carriage. 

The projecting part of the ыкса is entirely removed and а recess 
cut into the breech to receive the axial vent. This consists of a steel 
bolt containing the vent channel; the end within the gun is mushroom- 
shaped, and is furnished with a copper washer to make а gas-tight 
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junction betwcen the vent-bush and the bottom of the bore ; the other 
eud in the recess at the breech is fitted with а cross-handled removable 
head, which is prepared to receive а vent-sealing tube, either of electric 
or frictional pattern. The latest form of tube-holder is supplied with an 
automatic extractor. 

Cradles are issued with all R.M.L. guns using this kind of axial vent, 
for removal and exchange of the bush (p. 162). 

A bronze cover (at first called “ Frame,” now “ Socket”) is attache 1 
to the breech by fixing screws to close the recess formed to take the 
clinging cascable, and to support the end of the vent, which passes 
through it (p. 172). 

A door or shutter (p. 172) also is attached to the outside of the 
breech, to guard against accident which might arise from defective 
tubes, and for security in case the tube-holder should not be quite 
properly put on; the shutter itself contains an automatic arrange- 
ment to render this impossible when closed. 

А removable cascable similar in shape to the trunnion stud (р. 170) 
is issued to each fort or ship in which guns of this pattern are mounted, 
for use in slinging the piece; the vent bush, shutter, &c., must be 
taken off before this block can be screwed into the breech. 

Trunnion studs are provided for а similar purpose, which may be 
used with either Mark of these guns; and washers are supplied to be 
placed between the stud and the trunnion to prevent the sling from 
sli ping off on to the latter. 

e tangent sights (which are at present graduated only in —— 
and the trunnion and centre боега, are available for either Mark I 
or Mark II. There is no difference between the centre hind-sight and 
the tangent sight at the side. These hind-sights have the shallow L.S. 


“notch, and are furnished with a slow-motion nut for adjustment to one 


minute of elevation. 


16-inch RM.L. Guns. 


In 1878 it was proposed to construct a more powerful gun than any 
of the ordnance made up to that time, and in the following year the 
manufacture of an 80-ton gun was commenced. This was completed 
іп 1875 with a calibre of 14-5 inches. After some experiments at 
the Proof Butts, which were very satisfactory, it was hored up to 
15 inches, and again after the firing trials at Shoeburyness it was 
bored up once more, and this time to its final calibre. The experi- 
mental gun was rifled on the Woolwich system, but the rifling was 
afterwards changed in the manufacture of service guns to the M.M. 
polygroove type. 

The gune are built up on the R.G.F. system of the same parts as the 
88-ton R.M.L. guns except that owing to incrense of цац the B coil 
is put on in two parts. 

he powder chamber is enlarged to a diameter of 18 inches, and it 
has a total length to the base of the projectile of 596: giving 8 
capacity of 14,600 cubic inches. 
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16-1хсн. 80 TONS. MARK I. 
Scale, nv. абы. d 
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The rifling consists of 33 grooves, of M.M. section, with a twist which 
increases from 0 to 1 turn in 50 calibres. The nature of this twist is 
represented by а semi-cubical parabola, 21 = py, which will be found 
in no other gun; this kind of parabola has the property of developing 
the twist more gradually than the conic or ordinary curve, and there- 
£ore is better suited for a projectile of very great weight. 

The grooves end abruptly а short distance in front of the chamber, 
thus forming a stop for the projections on the gas-check at the base of 
the shell, во that a projectile cannot enter the chamber, and the density 
of the charge is regulated to а constant amcunt. 

The gun is fitted axially with a steel removable vent-bush, which is of 
the same description as that supplied for the 12°5-inch gun Mark II, 
but it differs in length and in a few little matters of detail The 
arrangements of vent-head, cover, and shutters are just the same; but 
а different cradle is necessary, with suitable block and additional length 
іп the handle. қ 

АП 80-ton guns are mounted іп turrets, both for L.S. and S.S., and 
the turrets are fitted with sights. For land service the guns are also 
prepared for chase sights. 

he turret at Dover has two sighting holes, one to each gun, and a 
set of compound sights is fitted to each. The sights are connected by 
cross shafts, clutches, and spur gearing, with two dials, the pointers of 
which record the elevation at which the sights are adjusted. The 
provisions thus made permit of either sight тш the pointers of 
both dials at once, or by disconnection actuating the particular dial 
associated with the gun next to it, when independent firing is required. 

In laying the sight on an object, the inner sight bar, which is 
inclined at the deflectional angle, is elevated to the required range with 
rack, pinion, and worm-gearing, by means of a small hand-wheel, the 
elevation in yards being indicated through a window, reading from the 
— circumference of a wheel worked from a spindle, the sight 

ing retained in its elevated position by a worm and wheel. The sight 
with its socket and attachment is then lowered to the same level as 
the object, bodily, by rack and pinion, actuated by a hand-wheel, the 
whole sliding within a permanent socket which passes through the 
tarret roof. 

In thus elevating or depressing the sight, the same amount of motion 
is automatically recorded by a pointer on the dial plate fixed to the 
roof immediately over the elevating wheel of the gun. The spindle to 
which this pointer is fixed revolves within a sleeve, to which is 
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attached a second pointer in connection with the gun. When the sight 
and gun are at zero these two pointers are in line with each other, and 
whilst the sight is being manipulated, the man at the elevating whcel 
elevates or depresses the gun, во as to keep one pointer over the other. 

A mechauical arrangement, consisting of a splayed bracket attached 
to the 1 B coil of the gun, and which engages the lever of a rocking 
shaft, communicates motion to the pointer, thereby recording the 
elevation of the gun. The duty of the number at the elevating wheel 
is to keep the two pointers continually together. When the gun is 
fired, the splayed bracket retires from engagement with the mechanical 
arrangement referred to, and when the gun is again run out the com- 
munication is renewed. 5 

A deflection of 3° right and left шау be given on the leaf, and the 
sight head can be removed from the bar when not iu use, the latter 
being then housed and covered by a watertight cap, screwed on the 
outer socket. 

The fore-sight is of the acorn type fixed in a bar, which slides within 
a socket passing through the іштей roof; it is elevated from the 
interior of the turret by means of a cross handle, and is held in position 
by a bayonet-joint arrangement; when housed it is covered with a 
spring watertight cap. . ' 

Index plates and readers are to be fitted to each gun and carriage, 
to serve as а permanent check to the above sighting arrangements. 

For S.S. two elevating bands are shrunk on the breech, holding a 
wrought-iron bracket to the gun. This bracket gives the means of 
attachment, through a bolt, to the sliding bracket which works on the 
elevating bar of the carriage. 

, Guide patches are also attached for S.S. to each side of the gun to 
steady the piece in running out. 

For L.S. an elevating bracket is screwed on the underside of the 
breech, and it is attached to the elevating gear by studs. 

Cascable and trunuion studs are furnished as spare stores for each 
turret or ship; preserving studs should be kept in the trunnions that 
the screw threads may not get injured or clogged. The trunnion studs 
are provided with washers or collars, with can be unscrewed for the 
reception of lifting shackles. 


17:72-inch. RMD. Guns. 


In 1878 four 100-ton guns were purchased from the Elswick Ordnance 
Company; two are mounted at Malta and two at Gibraltar, on special 
carriages, the loading, elevating, and traversing work being carried out 
by hydraulic machinery. 

The construction of this gun is very different from that on which the 
80-ton guns were manufactured at Woolwich. Тһе А tube is made up 
of two lengths, united by a key ring placed over the joint to link the 
two parts together, with a ring of copper let in to prevent escape of 
gas through the joint. 

There are eight wrought-iron coils in the first layer of metal which 
completely covers the barrel; four coils and a forged trunvion ring іп 
the second layer; and four coils again in the third over the breech end, 
one of which is in front of the trunnions. Тһе trunnion ring and all 
the coils were separately shrunk on, a system which reduces the 
longitudinal strength of the guu almost to the end-strength of the 
barrel; but the surface of some of the coils was serrated to give 
an additional grip in the sbrinking. This, however, did not prevent 
longitudinal failure in a similar gun which was purchased by the 
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government of Italy. The service charge іш tliis country has therefore CHAP. IV. 
been very much reduced; it is now the same as for an 80-ton gun, 17°72-inch 
2$ > 


with which it is made interchangeable. 100 tons, 
: | ” Mark I. 
8 4972. 
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Тһе guns are rifled on ап Elswick polygroove system with 28 
grooves, the spiral increasing from a twist of 1 turn in 150 calibres 
to 1 in 50 at a distance of 2°88 inches from the muzzle, the remainder 
being unifcrm at 1 in 50. 

Тһе chamber at first was cylindrical with a diameter of 19:7 inches, 
terminating at each end with a frustrum of a cone. The angles have 
since been rounded off and the front cone has been curved into the bore. 

The gas-check on the projectile is stopped by the termination of the 
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grooves, at в distance of 59:72 inches from the end of the bore. This 
gives a capacity to the chamber of 17,049 cubic inches. 

These guns have been vented in R.G.F. since purchase with axial 
removable bushes exactly in the same manner as the 80-ton guns, and 
а safety shutter is added to guard against accidents. 


antes AN 


GENRBAL ARRANGEMENT OF SIGHTING, 
"Scale, Шу 


DXFLECTIONAL š ANGLE 
OF SICHTS „1.20 


| 
* The sighting is of a қойы character, зине! to the mounting of 
these guns en barbette. о sets are provided, one on each side. 

The fore-sight is a steel acorn drop sight, affixed to a bracket on 
the carriage immediately under the centre of the trunnion. 

The hind-sight has а crutch carrying the upper mirror, which is in 


RIFLE MUZZLE-LOADING GUNS. 211 
connection with a copying bar working in a guide attached to the 
carriage, and so Beide] that, however the angle of elevation or 
depression may vary, the necessary compensation is made on the 
mirror to insure the line of sight being always reflected to one spot 
in the lower mirror. 

The hind-sight bar moves in a socket working within a guide bracket 
secured to the carriage by fixing screws, and is traversed by the gun, 
to bre it is attached by a connecting rod. The angle of deflection 
is 1? 20". 

Elevation is given to the sight bar by means of a hand wheel turning 
в pinion, which gears into a rack од the front edge of the bar. 

eflection is given by a small plate wheel at the bottom of the hind- 
sight bar, graduated to 14 degrees right and left. 

The bracket for the lower mirror is attached to the platform by 
fixing screws. The lower mirror is pivoted and provided with a 
——— nut, so that it may be fixed at any angle to suit convenience 
in laying. 

The person laying the gun stands facing the object, and havin 
adj the hind-sight to the required elevation (or depression) an 
deflection, elevates, or depresses, and traverses the gun till the object 
and the top of acorn of fore-sight and notch of hind-sight are reflected 
together in the lower mirror. 

runnion studs and dismounting blocks are supplied to these as well 
as to the 38- and 80-ton guns, and in addition a cast-iron counterbalance 
to counteract preponderance (p. 162). 
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RIFLE MUZZLE-LOADING GUNS. 


TABLE XXII. 


TABLE of Влтллвтісв for R.M.L. Guss. 


Description 
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CHAPTER V. 


R.M.L. CONVERTED GUNS. 


History-of the introduction of R.M.L. converted guns.—Palliser method of con- 
version.—Natures of S.B. pieces selected.— Present nomenclature.— Preparation 
of the cast-iron gun.— Manufacture of the wrought-iron berrel.— The gas channel. 
—Iusertion of the tube.—Completion of the piece as a rifled gun.—Rifling, 
venting, examination, and proof.—Line of metal.—Sight sockets.—Details con- 
cerning the 64-рг. 58-cwt.— The rifle groove.—Sighting.—Clearance angle.— 
Correction for drift.—Details for the 64-pr. 71-owt.—The 80-pr. gun.— Difference 
in rifling for the 80 and 64-pre.—Correctional angle for sighting.— General 
remarks.—Fittings and stores. 


Ween rifled artillery first came into general use there existed а very History of 
large store of S.B. cast-iron pieces, and for the sake of economy an the introdue- 
attempt was made to convert some of these into rifled guns. Тһе ih donee 
material, however, was weak, and it became necessary first to devise some " guns. 
means of strengthening them. Many suggestions were put forward 

and tried, and the experiments extended over a period of seven or eight 

years; 86 last the plan proposed by the late Sir William Palliser 

was definitely «арын іп 1863. 

This method may ђе briefly defined as a system of lining a cast-iron Palliser 
gun (slightly Боке out for the purpose) with a barrel of coiled iron, method of 
mechanically fitted into its case, and expanded into contact by firing а 90nversion. 
few heavy rounds. 

Guns converted on this principle have given very satisfactory results, 
and a large number have bun issued to service, but they have never 
been considered powerful guns compared with new pieces built up on 
the Woolwich system of construction; for shell practice, however, 
within moderate range these guns are effective and useful. 

Many natures of cast-iron guns were at one time proposed for con- В.В. guns 
version, but only three were eventually selected; these are mentioned —— for 


below, with their Besignation after conversion :— — 
--- 5 š 5 | 
82-рт. of 58 cwt. converted into a 64-pr. rifled gun of 58 cwt. < ~ ' — За 
8-inch of 65 ,, S 64-pr. іы n 
68-рг. of 95 ,, * 80-рг. " 5 tons. У 
The mode of conversion isthe some іп each case; the 8-inch gun will Mode of 
be taken as an example. conversion. 


The cast-iron gun is bored out to a diameter of 10°5 inches;* this is 
gauged, and the variation of measurement at the breech and the muzzle 
5 Some 68-pr. guns were bored out to 12 inches, the metal being sufficiently 


thick in this piece to receive a wrought-iron barrel of larger diameter than that 
suitable for 8-inch or 32-pr. guns. у 
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must no} exceed ha the taper (if any) being of course in the 


— oi the breech. 

arrel or A tube is prepared by uniting five coils of wrought iron 
end for end with a spigot and faucet joint, the welding being effected 
in a uniting furnace by screwing up the lengths forcibly together, and 
hammering down the bulged portion afterwards. The coil at the breech 
end is made of smaller diameter than the rest of the tube, in order to 
receive a second layer or B tube,* which is introduced for the sake of 
initial compression (as far as this principle can be applied) at the most 
important part of the gun. 

The barrel is closed at the breech end witha wrought-iron cup, which 
is stamped into shape under a hammer, turned, threaded and screwed in 
to its place. 

The tube in this state is proved with a water pressure of 120 Ib. on 
the square inch to ascertain that the cup fits correctly. The breech end 
is then turned down over & length of 82 inches to receive the B tube, 
and a spiral gas channel is cut round the exterior of this portion com- 
municating with a star groove at the end; a hole is afterwards bored 
through the cast-iron case to meet the circular part of the latter. This 
gas escape channel in the first 212 guns converted at Elswick will be 
found underneath the cascable, but in all others it is situated on the 
right hand top side of the breech. 

The B tube consists of two coils united together which are hored, 
turned, finished and gauged. The external diameter of the A tube is 
then completed to give & shrinkage of БИЕ Besides the advantage of 
initial compression (which, however, cannot be very great after ex- 
pansion of the barrel in proof) this construction provides а gas channel 
particularly suitable for a coiled iron barrel to indicate any opening or 
failure in the inner metal. The shrinkage of the B tube also helps to 
secure the cup in the end of the barrel. 

_-The whole tube is then turned to the dimensions required for the cast- 
on ; it is put into the gun with the closest mechanical fit, and 
erence of measurements is not allowed to exceed “007 inch at 


When putting the two main parts of the gun together the case is 
placed at а convenient angle for the barrel to slide down into position, 
and great care is taken that the breech end should bear evenly against 
the cast-iron case. Тһе outer edge also at the end of tke tube is 


* This B tube must not be confounded with the portion known ly the зато 
name in built-up Woolwich guns; the letter B refers to the second la) ег of métal 
in each case, but the positions happen to be at opposite ends of the barrel. 
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described with a longer radius than the corresponding curved portion 
at the bottom of the case, so that a space is left to prevent the barrel 
from acting as a wedge, and thus splitting the cast-iron case. When 
properly fitted, an iron collar is screwed into the muzzle, against a 
shoulder on the A tube, which prevents the latter from moving forward ; 
. and a pin is screwed in underneath which enters about half an inch into 
the barrel and prevents it from turning round. The muzzle is then 
faced, and the bore lapped out and rifled. Тһе rifling has a uniform 
twist of 1 turn in 40 calibres in all these converted guns, but the form 
of groove differs in the 80 and 64-prs. 

‘This class of gun is vented in a peculiar manner. The vent-patch (if 
any) is removed, and in the case of the 8-inch gun the old vent is closed 
up with a wrought-iron plug, and a new hole-is prepared for the bush 
a little further from the breech end. АШ converted R. M.L. guns аге 
permanently vented before proof with a through bush of hardened 
copper, which is screwed through the case, barrel, and cup; this is 
perpendicular to the surface оѓ the cup in the gun of 71 cwt., but in 
the sume position as the old bush in the 80-pr. and 64-pr. of 58 cwt. 
The method of venting will be described in Part IV, being exactly the 
same as the operation of re-venting on service. 

These gunsare proved by firing two rounds, thecharge of powder being 
25 per cent. greater than a service charge, and the projectile being a solid 
cylinder of service weight. Тһе expansion of the bore must not exceed 
certain limits ; no part before proof is allowed to be more than +02 inch 
under gauge, or more than "04 over gauge after proof. 

The guns are examined after being fired in the usual manner by the 
water test, gutta-percha impressions, and gauging. Owing to defects 
in wrought iron, they not unfrequently fail tu pass proof, and failure 


generally occurs in the cup which closes the end ofthe breech. In this = 


case the barrel is forced out of the gun by hydraulic pressure applied at 
the breech, the nozzle of the pipe being fixed into the gas escape channel, 
which has to be enlarged forthat purpose. Тһе expansion of the coiled 
iron is made evident by the difficulty sometimes experienced in extract- 
ing the barrel, and occasionally it has been found necessary to bore out 
the tube in a lathe. 

The operation of lining is similor to that applied to all rifled guns, the 
old line of metal (when marked) being generally found quite correct. 
The vertical line on the face of the muzzle is extended over the cast-iron 
—— so as to show any shifting of the tube if that should ever take 
place. 

The adjustment of sockets for sights is also conducted in the same 
manner as for other rifled gens; but the sockets for the fore-sight, 
instead of being let down into the gun, ure attached to the exterior by 
means of brackets and screws. 

A few matters of detail must now be pointed out in connection with 
each nature of theso converted R.M.L. guns. 


64-pr. Guns. 


In the 64-pr. guns the groove of the rifling is of plain section, being 
the same as the deep portion of the shunt eom in the early 64-рг. 
ир guns. They fire the same projectiles, but only with ар 8-1Ь, 
charge. 

The guns of 58 cwt. are centre-sighted. Before 1877 they were 
supplied with only two sights, viz.: a fore-sight of the drop pattern, 
and a gun-metal hexagonal hind-sight with a plain head; but since 
that date they have been provided with a muzzle-sight in addition : 
this is a small steel sight (the same as that used for the 9-рг, L.S. guns) 
fixed in a recess which is cut in the swell of the muzzle. 
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The present pattern of hind-sight is graduated to 12°, and it is fitted 
with a cross head and leaf for deflection. 


The clearance angle is 5°; and the angle for correction of drift 2° 16'.. 


It may be observed that the fore-sight is not placed in the centre of 
the muzzle; this is due to the angle of attachment of the — ; for 
when raised to the clearance angle the notch is carried to the left, and 
the ie of sight then passes to the right of the line of metal at the 
muzzle, 

These guns are only used for L.S. 


64-PR. 71 cwr. 


ніш 


-$g 
Ж) 


' 

H — гт 
H 1) 
! т ‘ 
' T^ Н 
! | t6! ” ' 
! К--------------------і:15--------- 108 NOMINAL LENGTH------- > 
— .----------------------- w 122 172. TOTAL LENGTH.------ > 
` ' š 

SIGHTING. 
a apana l -ә>й---- 


The 64-рг. of 71 cwt. was at first issued to sea service only, the guns 
being supplied with all S.S. fittings; bnt now the Navy are beginning 
to return them to store, and they will be available for general service. 

The rifling in this case is the same as in the 64-pr. of 58 cwt., and the 
angle of sighting is the same, but these guns are side-sighted. The 
trunnion sights are of the drop pattern, but higher than usual to clear 
the swell at the muzzle; the tangent sights are similar to those 
described for heavy R.M.L. guns, being steel bars with a gun-metal 
head, having a deflection leaf with a S.S. notch, and no slow motion 
elevating nut. — ' 

he correction for drift is 2? 16' as for the lighter 64-pr. gun. 
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The 80-pr. is sighted іп the same way as the 64-рг. of 71 cwt., but 
the angle of correction for drift is only 19’, and the sights are not 
interchangeable. | . 

The rifling is different, the groove being of * Woolwich” section, · 
much broader than the plain groove in the 64-pr. guns. This difference 
prevents the chance of an accident ; for since the calibre is 6:8 inches in 
all these converted R.M.L. guns, the projectiles might on an emergency 
be considered available for all, so that a heavier charge might be placed 
in a 64-pr. gun than the gun was intended to carry. But the wide groove 
in the 80-pr. gun corresponds with broad studs on the projectile, and 
this breadth will prevent the heavier shell from entering the bore of any 


` 64-pr. gun. 


General Remarks, 


. For the dimensions, rifling, &c., of the converted R.M.L. guns, see 
Table XXI, p. 212, which includes all natures of R.M.L. guns in the 
service. : мэ. Шр. 

“Тһе sights, fittings, and stores will in like manner be found in Table 
XX, р. 178, and the latest pattern of hind sights in Table XVIII р. 148. 

The following stores are used with these guns :— 

Bearer, shot or shell.—For the 80-pr. only. 

Brackets, right and left.—These аге made of gun-metal to contáin the 
sockets for drop-trunnion sights; they are attached to the 80-pr. and 

64-pr. of 71 cwt. by fixing screws, to avoid making а large hole in the 
cast-iron gun. They must be removed prior to transport. 

Bracket, centre-fore-sight.—This is similar to the foregoing brackets, 
but issued for the 64-pr. of 58 cwt. only; it is fixed in the same manner, 
and must be removed from the gun during transport. 

Clamp, moveable, for tangent sight.— This is required for the 80-pr. and 
64-pr. of 71 cwt., which are the two side-sighted guns. 

Lanyard guide—This is of universal pattern. All S.S. guns are 
prepared for this fitting ; the holes are protected by preserving screws, 
and they are situated to the right rear of the vent. 

Machine, hand rifling.—This is common to all the converted guns, but 
the files must be made to correspond with the form of groove in the 
80 or 64-pr. gun. 

Pin, friction tube.— This is.affixed for 5.5. only, but а holeis drilled in 
«all go to the left front of the vent for the-pin to be screwed in when 
requ . 

Pricker or priming iron.—To prick the cartridge and clear the vent. 
It must be 17 inches in length for all these guns. 
` Screws, firing —Two for each bracket. 

Screws, preserving.—One for every hole which is tapped and threaded 
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in the gun; viz.: for the fixing screws when the brackets are removed, 
and ҮЛ the guide-plate and friction tube pin when the guns аге іп use 
for L.S. 

Socket, metal, with set screw.—For the 64-рг. of 58 cwt. only. It is 
let into the breech to receive the centre-hind-sight, and secured by a 
screw ; this must be removed during transport. 

Spikes, common and spring.—The common spike is of universal 

attern. Тһе spring spikes for 64-pr. guns must be from 9:2 to 9:8 
inches in length. Тһе length is measured from the head to the top of 
the spring. There is none to suit the 80-pr. gun. 

Wood side scale.—Of the same pattern as for thc S.B. guns from which 
these rifled pieces have been converted (see Table ХІХ гр. 152). These 
are only required for S.S. | 


WOOD SIDE &CALE, 
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Wrench, friction tube pin.—To fx or rennove the pin, guide-plate, or 
any of the screws. г. 

Ғог һе ballistics of R.M.L. converted | ғап”, see Table XXII, p. 214, 
at the end of previous сћај ter. 
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PART II. 


CHAPTER VI. 


R.M.L. HOWITZERS. 


Ordnance for indirect and high anglo fire.—Ri(led howitzers proposed in 1864.— 
The 8, 9, and 10-inch experimental howitzers.—Introduction of the 8-inch 
46 cwt. in 1872, and of the 63-inch іп 1878.— Manufacture of 6:6.iuch and 
8-inch of 70 cwt.—Details of construction, sights, fittings, and stores for each 
nature of howitzer.—General remarks.—Table of dimensions, rifling, ёс. 


IIowrrzens were formerly employed in the days of S.B. ordnance for 
curved or indirect fire, and although no similar pieces were manufactured 
in the early days of rifled artillery the subject of their introduction 
engaged the attention of several committees.  Rifled mortars were 
tried as long ago as 1853, but without much success; for these pieces 
were only capable of being fired at fixed angles of elevation, involving 
а variation of charge for every range. 

Many suggestions were made and several experimental pieces were 
tried, but no definite action was taken until 1864, when Sir J. Burgoyne 
called attention to the greet value of indirect fire against bomb-proofs, 
&c., and to the urgent necessity of improving the range and accuracy of 
existing ordnance provided for this kind of service. Тһе Ordnance Select 
Committee then proposed that а heavy rifled howitzer should be made, 
capable of being fired at all angles of elevation up to 30°. Three 68-pr. 
carronades were rifled accordingly, and the success of the experimenta 
carried out with these pieces led to а 32-pr. bronze block being bored 
жо а calibre of 6:3 inches and rifled to take the 64-pr. projectiles. 
This experimental howitzer gave excellent results, and it was proposed 
to add a piece of this kind to the equipment of a siege train. 

Further experience was gained during the wars of 1866 as to the 
power and advantage of high angle fire from rifled artillery, and the 
Ordnance Select Committee then reported that the matter was ready for 
decision without further experiments; so in 1867 it was decided that 
an 8-inch rifled howitzer should be made, the weight of which should be 
about 50 cwt. Designs were submitted from the Royal Gun Factory for 
rifled howitzers of 8, 9, and 10-inch calibre, and some of each were 
manufactured as experiment al pieces. 

Іп 1870 а committee was appointed to consider whether it was 
advisable to convert oa the Palliser system a certain number of 
the 13-inch S.S. mortars, aiid also to report on the results already 
obtained with the experimen tal howitzers. The rifled mortars proved 
unsatisfactory, so the idea of converting them was abandoned. Further 
experiments, however, were carried out with all the howitzers, and in 
1872 it was decided that the 8-inch should be recommended for service. 


8-inoh,46cwt. A number of these pieces, weighing 46 cwt., were consequently made 
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in 1873-4; they were constructed of wrought iron and steel and rifled CHAP. VI 
like the 8-inch R.M.L. guns on the “Woolwich” system, with four — 
ves but with a uniform twist. 

In 1874 this committee, being anxious to try а lighter nature of 6°3-inch. 
howitzer, proposed that one should be made of 6°3-inch calibre, corre- 
sponding with the 64-pr. guns. After considerable trial a piece of 
18 cwt. was adopted iu 1878, and the rifling was changed to the Mait- 
land muzzle-loading system, this piece being the first in which studless 
projectiles were used with a rotating gas-check attached to the base. 

These two natures of howitzers are exceedingly short, especially the Longer 
one of 8-inch calibre. In 1876, when it became fully recognised that howitzers, 
length was essential to power, two new designs were put forward 63 ап4 8-inch 
for longer and heavier pieces; at the same time the 6:3-inch calibre of 70 сті. 
was exchanged for 6:6, so as to increase the ү of the shell. А 
large number of both these natures were ordered and their manufacture 
proceeded forthwith ; but it was afterwards suspended for two or three 
years pending а decision on the question of rifling: experimental pieces 
were issued to Shoeburyness, but the completion of the order for service 
was not sanctiore1 until 1880. 


8-тисн. 46 СҮТ. МАВКІ. 


This, as stated already, was the first rifled howitzer introduced into 
the service, and its manufacture may be said to have commenced about 
1872. 

It is made of wrought iron and steel, and in construction it is similar Constructicn 
to the designs of R.M.L. guns of that date. It is built up of only four and details. 
parts, viz.: the barrel, B-tube, jacket, and cascable. The end of the bore 
terminates іп а cone of considerable wi bes 

The rifling consists of four ves, their dimensions being the same Twist of 
as in the 8-inch R.M.L. gun; but the spiral in this case is a uniform the rifling. 
twist of 1 turn in 16 calibres. This difference in twist was rendered 
necessary by the shortness of the bore. The projectiles for the gun 
and howitzer consequently differ in the front row of studs; the lar 
stud on the howitzer shell, which is adapted to uniform twist, would 
jam in the bore of а gun with increasing twist,so the projectiles are 
not interchangeable. The grooves are widely splayed at the muzzle. 
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CHAP. УТ. Тһе howitzer is rear-vented 1°75 inches from the end of the bore, the 
— vent channel being inclined towards the breech at ап angle of 6° 3’ with 


kas the vertical. 

Quadrant Three planes are cut on the upper surface of the piece for the use of 

planes. quadrants in giving elevation up to 30°. 

Sights. All howitzers are furnished with cross-bar sights for reverse and 
forward laying, the hind-sight being set perpendicularly to the axis on 
account of the varying charge. Any requisite deflection can be given 
on the sliding cross-bar, which has an extra length of scale to the left. 

This 8-inch howitzer at first was centre-sighted with muzzle, centre, 
and tangent-scale sights; some pieces may still be found sighted in 
this manner, but the system is obsolete. 

63-inch 6'3-табн. 18 сит. MARK I, 

howitzer, 

cwt. Scale 4. 


.- Қ---------------- 2 4 


% 
à Р i 
56 = 4.8 -- TOTAL-LENGTH----------—- > 
. 


Employment, - This is the smallest howitzer іп the series; it із one of the pieces 
belonging to a light unit of siege train, and a large number have also 
been sent out to 1008. for use in the land forts of that country. 

Construction, The manufacture of this nature commenced in 1874, but none were 
completed till 1878, when the question of rifling was settled. Its 

` construction is similar to that of the 8-inch, but the proportions 
are different. The end of the bore is cylindrical, rounded off with 
8 radius of 1 inch, and the muzzle is slightly bell-mouthed. 

Riffing. The rifling consists of twenty grooves of М.М. section, 0-1 of an inch 
deep and 0°5 broad. The twist increases from 1 turn in 100 calibres to 
1 in 85 at the muzzle. The rifling extends to a point 5:3 inches from 

г the bottom of the bore, and the end of each groove із hammered up, so 
as to terminate as abruptly as possible; this forms a stop for the 
ag ge on в gas-check and regulates the capacity of the chamber. 

па few of the first that were made the rifling extends 2:8 inches 
further, but the depth of the groove beyond this point is only “05 of an 
EN. inch, so the projectile would be stopped at the same distance in all. 

Sights and The sighting and quadrant planes are the same as for the 8-inch 

quadrant of 46 cwt. and the remark as to centre-sighting originally also applies 
to the 6:8-inch, but it was very soon cancelled in this case ; the first 

issue only were supplied with these sights. 
This howitzer may be fired at any angle of elevation up to 40°, either 
on wheels or on the bed of the carriage dismounted. 
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6:0-1хсн. 86 OWT. MARE I. СНАР. VI. 
Scalo, 3. — 


à 555 86 cwt. 


A supply of howitzers of this nature was manufactured in the year Details. 
1877, but they were not completed and rifled until 1880. They differ 
from the 6:3 chiefly in len The rifling is of the same description, 
but not quite so deep; there are twenty grooves, 6-05 of an inch dee 
and 0°7 wide. The twist increases from 1 in 94 calibres at the bre 
to 1 in 35 at the muzzle. These howitzers will mainly be used in the 
medium units of siege train. Е 


66-Іксн. 36 сит. MARK II. 


СТА second Mark of this howitzer has been designed and approved for Mark II, 
future manufacture. This only differs from the Mark I in material, § 4636. 
being made entirely of steel. 


8-іхсн. 70 CWT. MARK I. 8-inch 
Beale, 3. кеа , 


" i 
№ ----ні»%8 TOTAL шистн---------------) > 


These howitzers were built up in 1876, but, as in the case of the Details, 
previous nature, they were not completed till 1880. In proportion as 
well as construction the 8-inch of 70 cwt. resembles the 6:6-inch. They 
are powerful pieces, and form the chief armament of a heavy unit of sie 
train. The grooves of the rifling are exactly the same, and so is 
twist at the muzzle; but at the breech it commences with 1 turn іп 
90 calibres instead of 1 in 94, and with larger calibre the number 
of grooves is increased from twenty to twenty-four. 


8-іясн. 70 CWT. MARK II. . 


The Mark II of this nature is similar in construction to the Mark I, Mark П, 
being made entirely of steel. 3 
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General Rémarks. 


The 8-inch of 70 cwt. must not be considered a second mark of 
this calibre in conjunction with the piece of 46 cwt. All four 
descriptions of howitzers are separate natures of ordnance, and are all 
designated Mark I of their kind. 

The royal monogram will be found in this class of ordnance on the 
chase instead of the breech. This alteration became necessary when a 
quadrant plane was cut on the breech in the exact place where the 
monogram will always be found upon guns. 

Gas escapes are provided in all howitzers in the same manner as іп- 
R.M.L. guns; the channel is visible on the right hand top side of the 
breech. 

All howitzers are now prepared for cross-bar sights, the two longer 
natures having sights on each side. They are vented near the end of 
the bore on account of firing very small charges at times, and (excepting 
the 8-inch of 46 cwt.) they are all slightly bell-mouthed, their rifling 
is of the same character, and the twist at the muzzle is 1 turn in 35 
calibres. š 

A table is given оп the following page of the dimensions, rifling, &c. 

For the sights, fittings, and stores which should be issued with each 
howitzer see Table XX, p. 178, which contains this information for all 
natures of R.M.L. ordnance. 
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PART III. 


CHAPTER I. 


BREECH-LOADING GUNS. 


Breech-loading guns.—The muzzle- e. breech-loading question —Rapidity of fire.— 
Exposure of men.—Size of embrasure.—Smoke.—Length of gun.—Effect of 
length on muzzle velocity.— Table for comparison of power in guns of the same 
weight.—Table for comparison of guns differing only in length.—Risk of accident. 
— Accuracy of shooting.—Power of guns.—Table for the comparison of power in 
4чо M.L. and B.L. guns of similar weight.—Facility for inspection of the bore. 
—Enlarged powder chambers.—Density of the charge.—Gravimetrio density.— 
Table of experiments to show the effect on ballistics of varying the density of 
charge.— Manufacturing and other advantages in favour of breech-loading guns. 
—Methods of closing the breech.—Screw, wedge, and interrupted screw systems.— 
Précis of the progress of В.Г. guns.—Committee on Ordnance, 1879.—E.0.0. 
guns, 6-inch and 8-inch.—State of manufacture, 1881.— Principles of construc- 
tion.—Ordnance Committee, 1881.—6-inch Mark II.—Enlargement of powder 
chambers.—New construction required for slow-burning powder.—9:2-inch 
Mark I.—Steel guns 8-inch calibre.—12-inch Marks I and II.—4-inch Mark II. 
—6-inch Mark IIL— Report of the Committee.—Ooiled iron given up as a 
material for ordnance.—Steel breech-piece for longitudinal length.—Varieties of 
construction.—Wire guns.—Obturation.— Table for comparison of certain B.L. 
guns with M.L. pieces of similar weight. 


Tuer first rifled artillery in our service consisted of breech-loading 
guns, but after a trial of five or six years this class of artillery was 
superseded by rifled muzzle-loading ordnance; the cause of their 
failure, however, lay rather in the imperfections of the system adopted, 
than in the fact of their being breech-loaders. After a lapse of about 
fifteen years we were compelled to return to breech-loading guns. 

In discussing the merits of this recent change, reverting as it were 
to а system that had been tried and condemned long ago, the question 
of expediency must be considered independently of the breech-closing 
action. It is now clear that the return to muzzle-loading ordnance 
was really a retrograde step, and that development of artillery power 
depends upon dimensions in guns, which necessitate their being breech- 
loaders. As a matter of fact modern guns have little in common with 
those which were made twenty-five years ago; the material and con- 
struction are both very different, and so is the breech-closing action. 
Many methods of closing the breech have now been invented, and some 
have passed satisfactory trial, confirmed in one or two cases by use 
during a quarter of a century; we may therefore assume Бе И power 
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can be gained by the adoption of breech-loading guns (9 least to such 
an extent as to outbalance the expense of a radical change and some 
advantages known to exist in muzzle-loading ordnance), a breech- 
closing system may be found without difficulty to suit the new type of 
gun, and that this point may be subsequently treated as a mere matter 
of choice. 

Вгіейу stated, the balance of favour will be found to lie between 
simplicity in muzzle-loading guns, and power on the side of breech- 
loaders; but there are numerous incidental advantages acquired by 
loading at the breech, which taken together add much weight to the 
arguments in favour of breech-loading guns. 

The debatable points are numerous, and in some cases they may 
be equally balanced, for objections to either system have been overcome 
by machinery and skilful appliances ; but the main question of power 
has led to an unqualified decision by all nations in Europe in favour of 
breech-loading ordnance. 

Some of the points may be alluded to here, but space will not permit 
of any lengthened discussion. 


1. Rapidity of Fire. 


Rapidity without range and accuracy is comparatively of little 
importance. Machine guns supply this element in the nature of fire 
for which they are suited. In the case of эрэ guns, ог even of беја 
guns in the open, it is only with case shot at short range that rapidity 
of loading by itself can ever be of much practical value. Experiments, 
however, have shown that there is really no difference in the time 
uired for working an M.L. or B.L. field gun, and that rapidity of fire 

generally depend on the position and circumstances surrounding a 
gun, rather than upon the question of loading at the muzzle or breech. 
(556 ja of Experiments carried out at Oakhampton in September, 
1880. 


2. Exposure of Men. 


This point must be considered separately for guns in the field and for 
those which are mounted on permanent works. 

In open ground, or behind such cover as may be hastily thrown up 
in the field, а breech-loading will always have ап advantage. In 
siege operations it is possible that a muzzle-loading piece, when mounted 
on а disappearing carriage, would bring the gunners close to the 
parapet, and therefore in a position of safety; but this would only 
occur with the use of special and complicated carriages : when firing 
through any embrasure, а B.L. gun would help to fill up the opening. 

In all permanent works а breech-loading gun would not only close 
the port against an enemy's fire, but it would cause the loading to 
be conducted in safety. Іп а turret or cupola, the gun with all its 
machinery, and the detachment working the gun, would thus be fully 
protected, while muzzle-loading guns would require a second turret for 
the loading arrangements, and injury to this would throw the guns out 
of action as much as if they were disabled themselves. 


8. Reduced Size of Embrasure. 


This point would refer only to heavy guns when mounted in per- 
manent works, for in any siege operations іп future we may presume 
that embrasures will be avoided altogether if possible. The splay of 
embrasure must depend on the amount of training to be given to the 
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gun, and this would be much the same, whether the piece were of M.L. 
or B.L. description ; length, however, in a gun will save the revetment 
from much damage caused by the blast of the gun itself. Iron shields 
have been adopted to lessen the breadth of the port, and muzzle-pivot- 
ing carriages have been introduced to reduce the size of this opening, 
but these carriages might be used for either description of ordnance : 
hydraulic loading outside may be resorted to also for muzzle-loading 
guus; but none of these arrangements confer any advantage on the 
gun: on the contrary, they form additional intricate appliances, and 
efficiency depends on their being always іп order for action. Practically, 
therefore, this point does not much affect the question at issue. 


4. Smoke. 


It has been said that in opening the breech after firing, great volumes 
of smoke would fill the casemate, turret, or ship, which might suffocate 
and blind the detachment. This argument, however, is really in favour 
of B.L. guns, except in the case of turrets supplied with loading 
arrangements outside. А muzzle-loading gun must recoil so as to 
bring the muzzle inside the work, and with it а large portion of the 
smoke; and in loading the whole of the smoky residue is pumped into 
ihe casemate ; but with breech-loading s the muzzle may be kept 
always outside, and if time be allowed the smoke will escape more or 
less freely, depending chiefly on the direction of wind. If there is no 
wind, or none at least from the front when the breech is opened after 
firing а round, the greater part of the smoke will escape by the muzzle, 
owing to the elevation which is given to a gun, and conveyed straight 
out. If necessary, artificial draught could be easily applied, but the 
need of such an arrangement has not yet been proved by experience. 


5. Length of Gun. 


Len must be treated from two different points of discussion. 
Considered simply as a question of size, no doubt a long gun may be 
found inconvenient in existing forts and emplacements; but with the 

wth of artillery power(in foreign nations as well as our own), the 
orts and ships must be built to meet the requirements of national 
defence. 

In the matter of recoil, as already pointed out, length becomes a serious 
objection to muzzle-loading guns of large size; for either the recoil 
must be great to enable the loading to be conducted within the turret 
or fort, or else loading arrangements must be separately provided 
outside. With manual labour again, great len must involve great 
exertion, and this is felt even with guns of moderate size; but with & 
breech-loading piece the distance for ramming the charge can never be 
great: ordinary power will suffice, and less space is required, for the 
жап need not recoil во as to bring the muzzle inside the port. 

Length again must be considered in connection with power, and this 
is the more important side of the question. Recent experiments have 
clearly established the fact that large charges of slow-burning powder, 
with adequate length in the bore for combustion of the charge, give 
higher velocity to a shot than a violent powder іп а short gun con- 
taining а similar weight of metal, 

Some results of firing M.L. and B.L. pieces of approximately the 
same weight, but —— іш length, are brought together for 


comparison of power іп a Table which is given on page 282. 
With — this tablo it may possibly be urged that the com- 
parison is drawn between guns of different type; but similar results 
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will be found in experiments conducted with guns of exactly the same 
nature which differ only in length. This will be seen from the 
reports of firing some 8-inch and 92-inch B.L. guns, which are given 
on the following page. The calibre, rifling, capacity of chamber, 
projectile, weight, and density of the charge, are exactly the same for 
the long and short guns of each kind, but the results differ consider- 
ably. 

Неке within certain limits, which must vary with the nature of 
powders length of bore adds directly to muzzle velocity, and it there- 
ore contributes very largely to accuracy of shooting and power. 


6. Risk of Accident. 


This point can only be determined by experience, and the experience 
of B.L. guns has been too short as yet to speak very confidently on 
the subject. There have been accidents with both classea of ordnance. 
With muzzle-loading guns men's arms have been blown off in loading, 
and thumbs split in serving the vent; double loading is possible and 
may cause accidents of importance. Оп the other hand, with breech- 
loading а few accidents have happened from the breech being 
improperly closed, which’ were probably due in each case to insuffi- 
cient training of the men, but these occurred when the guns were 
quite new and no doubt imperfectly known. Double loading is im- 
possible with B.L. guns; and it has been found practicable to add 
many safeguards against accidents due to faulty drill Imperfect 
closing of the breech is the only risk entailed by the adoption of 
breech-loading guns; and this may be considered almost impossible 
now, for various automatic arrangements are added to the breech 
action itself to prevent the guns being fired until the breech is 
properly closed. 


7. Accuracy of Shooting. 


This most important element in artillery fire has been practically 
settled in favour of breech-loading guns. The range and accuracy 
returns from Shoeburyness leave no doubt on this point, 

Accuracy of line depends mainly on the centering of the projectile 
in the bore, which is much more perfectly attained in а — 
than in а muzzle-loader, where windage must exist. 

Accuracy of range depends also on the foregoing, but moro particu- 
элү on uniformity in muzzle velocity, which is again dependent on 
uniformity in the combustion and density of the charge. Here the 
resistance offered by the driving-baud of the B.L. projectile acts as 
з very efficient regulator and assists greatly in securing these ша 
portant conditions, 


8. Power of Guns. 


‚ Power шау be estimated in various ways according to the object in 
view. In field artillery the greatest effect of shrapnel shell is specially 
stadied; with siege ordnance common shell will prove most destruc- 
tive, while in heavy guns it is only in perforating armour-plate that 
they are required to put forth their full power. From an artillery 
point of view, heavy guns are the principal weapons of war for offen- 
sive or defensive purpose, so the penetration of wrought-iron plate wilt 
farnish the best standard for comparison of power in heavy guns of the 
present and past. 


TABLE FOR COMPARISON OF GUNS OF SIMILAR WEIGHT, BUT DIFFERING GREATLY IN LENGTH. 


16-pr. M.L... 
92-рг. B.L. (Expl.) 
40-pr. (П) M.L. .. 

5-іпоћ (П) B.L. .. 


Q-inch (V) M.L. .. 
8-іпоћ (IV) ВІ... 


12-inch (11) МТ... 
10-inch ID В.Г... 


TABLE XXIV, 


Range Perforation 
with 2° at 
Elevation. 1000 yards, 


ы 
уда, іпв 
1145 3:0 

m 

1732 52 Ë 

E 

1185 49 Е 

1880 69 2 
1480 102 
2500 142 
1250 119 

-- 21:2 ~ 


89 


785- 


TABLE XXV. 


TABLE FOR ComPARISON оғ МУ. im B.L. Guns DIFFERING ONLY IN LENGTH 


‘SNOO рматот-нояяча 


—— ———— — — 
& inch B.L., Mark T 


» 


* Muzzle shortened. 


92-inch B.L., Experimental 
Mak 1 .. 


» 
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This kind of power depends on the striking energy and form of the 
:shot, but sometimes it is more convenient, without very great error, 
to take the “ muzzle energy” imparted to the projectile as a measure 
of power; with shot of similar dimensions and the same weight 
the “muzzle velocity” will furnish a direct and simple means of 
«comparison. 

A table will be found at the end of this chapter, which (together 
with those already given) will show the enormous increase of power in 
modern artillery, and the great superiority in perforation attained by 
the breech-loading guns. (See p. 244.) 

This development of power is mainly due to an increase in the 
<harge of powder, and this can only be given with full effect (without 
inordinate weight in the piece) by the use of slow-burning powder in 
guns of very great length: then to reduce the length of the cartridge 
and avoid wave pressures in the gun, the chamber must be greater in 
diameter than the bore of the piece, and consequently the guns must 
be made for breech-loading. Moreover, the rifling which is suitable for 
"breech-loading gans, and the corresponding arrangement on the shot 
which enables it to follow the twist, both assist in promoting velocity 
and steadiness of flight; so these points also contribute towards the 
development of power which has followed the adoption of а breech- 
loading system. 


9. Durability and Expense. 


Durability is generally based on the number of rounds that consti- 
tute the life of а gun, but this is hardly а fair standard of comperison 
when the work stored up in each round is altogether igno For 
number only, no doubt existing ordnance of the muzzle-loading class 
could fire more rounds than B.L. guns of modern description, but with 
ne demand on their fabric the latter would last much the longer. 

the comparison were based on the energy of projectiles thrown by 
the gun, the total destructive effect produced by a breech-loading piece 
would far exceed that of its companion muzzle-loading gun. 

The first cost of а B.L. gun is undoubtedly greater than that of a 
M.L. piece of like weight, and the breech fittings may have to be 
renewed; but in repair of the barrel where the chief wear of the 
gun occurs, the advantage lies on the side of breech-loaders. So it 
remains to be жото by experience whether the cost is actually 
greater when taking into consideration the whole work done by the 
gun, which depends on its power of endurance with an ordinary 
amount of repair. Granting, however, that the first outlay is greater, 
and possibly the eventual cost of the gun, the certainty of warding 
off an attack or of speedily effecting a breach will have to be thrown 
into the scale on the side of breech-loading guns, not to speak of 
the immeasurable economy which would of course be derived from 
success. 


10. Facility for Examining the Bore. 


Апу breech-loading system will offer the advantage of easy inspec- 
tion of the bore during action, and facility for making a thorough 
examination of the gun. This becomes more important every year 
with the increasing weight of the charge and progress of КА егу 
power. Large charges must necessarily have great effect оп the metal 
of a gun, and accidents in the future may perhaps be more serious than 
those of the past. By freedom of inspection the damage caused by 
explosion of shell may be discovered at once; while the work of re- 
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storing the rifling when damaged, or any other repair, can be carried 
out with greater facility from the convenience of light in the bore 
and closer contact with the operation in hand. 


11. Enlarged Powder Chamber. 


With magnitude of charge it becomes necessary to place a limit on 
the length of the cartridge. Long cartridges are most inconvenient for 
storage, and by extending too far down the bore when rammed home 
in the gun they place the projectile in an unfavourable position; the 
length of the bore is practically shortened, and a gun might be fired 
under conditions which were never contemplated in its construction. 
But by far the chief objection to a very long cartridge is the risk of 
setting up wave-pressures in the gun, and when dealing with very lar 
charges these pressures might approach the limit of strength in the 

тесе. 
Р By increasing the diameter of the chamber shorter cartridges may 
be employed, while the requisite thickness of metal can be made up 
With muzzle-loading guns this enlargement 
cannot be carried to any great extent, for no method has yet been 
discovered of making a long cartridge expand properly into a chamber 
of much greater diameter than itself. With breech-loading guns there 
is no difficulty, provided that the entrance to the chamber is as large as 
the cylindrical рагі; the chamber then may have any capacity, and the 
cartridge can be made to suit its dimensions. 


12. Density of Charge. 

The importance of studying the density of the charge was not fully 
appreciated in the early days of R.M.L. ordnance, nor could the 
—— be regulated with precision as now managed with breech- 
oading guns. 

The density of the charge must not be confused with the density of 
the powder, though the one is to a certain extent practically dependent 
on the other when the chamber is filled as full as possible. The 
density of the charge is distinguished by the term ‘Gravimetric 
Density" (written G.D.), and is measured by the ratio of the weight of 
powder in а given space of chamber, to that of the same volume of 
water. Thus it is obtained by dividing the number of cubic inches 
contained in the chamber by the number of lbs. allowed in the charge, 
and dividing this quotient again into 27:73, which is the number of 
cubic inches occupied by 1 lb. of water at а temperature of 62? Fahr. 
Hence :— | 

27:78 
GD. = volume of chamber 
Ibs. of powder 


For Е = volume of chamber, З 
= weight of powder іп the charge, 
and 27°78 = volume occupied by 1 lb. of water, 


the weight of water equal to volume У is шэг Ibs., and the ratio of the weight of 


27:78 
powder to this is— w 9775 
—« = =n 
2778 м 
For example, when the powder is allowed 30 cubic inches per 1b., 


the G.D. = 27°73 — 924. 


TABLE XXVI. 
ЕхрЕкіментв carried out with 12-5-inch R.M.L. guns to show the change in ballistics with varying density of charge. 


Charge. 
: Mean pressure 
Reries, — FT Projectile. М.Ү. in chamber: Remarks. 
Power Density 
Tbs с. i. per Ib. lbs f.s. 
130 Р. 40:45 810 1268 117 Result :— ; 
140 ,, 87:58 % 1340 146 Total increase of velocity, less than 
(1) Increasing charges in a chamber of 150 „ 85-08 » 1892 166 one-fourth. 
constant capacity. 160 ,, 82:86 5 1469 183 Total increase of pressure, nearly 
170 „ 8095 h 1507 198 double. 
180 , 80:00 3) 1644 208 
160 P. 3000 й | 1481 218 Result i— 
165 „ » s: 1496 21-8 Velooity increasing with the charge. 
(2) Increasing charges with constant 170 ,, » RE 1501 218 
density, chamber varying. 175 „ n 2 1626 211 e Pressure practically constant. 
180 ,, » 35 1541 227 
185 „ % ка | 1541 22-1 
А 94:5 Result :— 
210 Prism! 1132 ” 1540 263 Velocity nearly equal, but 
(8) Unchambered and chambered gun 29 
” Зиа is 1535 189 Pressure widely different, 
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A table has been given in an earlier part of this book (see page 
106) from which the gravimetric density of a charge may be found 
corresponding to any volume in cubic inches per pound, i.e, volume + 
weight, as above.* 

ith regular density the muzzle velocity is equally uniform, and 
the shooting of the gun is then accurate. Now it was discovered 
some years ago with muzzle-loading guns, that a reduction of density 
lowered both the velocity imparted to the shot and the pressure exerted 
in the gun, but not in equal proportion. This was a key to develop- 
ment of power in guns. А small reduction of density greatly lowered 
the pressure, so that larger charges could then be employed, which 
not only restored the velocity, but increased it almost in proportion to 
the increase of charge. 

Some experiments carried out with 12:5-inch R.M.L. guns may be 
quoted to show the effect of varying the density of charge, with and 
without increase of weight. (See Table XXVI, which is given on the 
previous page) 

From these experiments it is evident that while P* powder is used, 
either (1) pressure can be reduced without loss of velocity, which 
implies а possible reduction of weight in the gun; or (2) velocity can 
be increased without increase of pressure, and this means development 
of power. With a change of powder still further advantage was 
gained; the density for maximum effect will vary with the rate of 
combustion. 

In new breech-loading guns the density of charge is carefull 
studied, but owing to the introduction of slow-burning powders, it is 
no longer essential to keep the density low.  Regularity must be 
maintained, but the gravimetric density may sometimes be actually 
higher than it was with muzzle-loading guns when the charge was 
rammed home with full force. Тһе chamber is now filled almost 
completely with the powder best suited to the gun; slow combustion 
creates moderate pressure, while the effect of the in impelling the 
Shot is maintained with accelerating force over the whole length of 
wie — а maximum velocity is reached at the moment of quitting 
the muzzle, 


13. Manufacturing Advantages, dc. 


Among the secondary points in favour of breech-loading guns we 
may mention the saving of material effected by trepanning instead of 
boring out the steel tubes. The solid cylinders removed by this pro- 
cess often have a considerable value, amounting perhaps to hundreds 
of pounds, while the operation is actually cheaper than boring out the 
metal in chips. Trepanning cannot be — to the barrel of a muzzle- 
loading piece, but with B.L. guns made of steel every part can be bored 
out in this manner without much waste of material. 

Again, the grooves of the rifling in B.L. guns can be made of less 
depth than in any kind of muzzle-loading piece, even since the adoption 
of a polygroove system with gas-checks for giving rotation to the shot. 
With shallow grooves the strength of the barrel is less reduced by the 


• In writing the expression for the density of а charge, it is usual to give both 
the quotient obtained, and its value referred to water as obtained from the 
table ; thus for the example given above, the density would be written— 

30. 


"99% 
meaning that 80 is the number of cubic inches per lb. in the charge, and ‘924 its 
ally детей to water. 
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rifling, the number distributes the strain, and resistance in the bore 
can be regulated by the material or thickness of the rotating band. 

The effect of varying the resistance in the bore, and the necessity for 
having some resistance to develop pressure on the base of the shot, 
is shown by the following experiments which were carried out in 
1882 :— 


Charge. 


Projectile. | Resistance. 


CHAP. I. 


Gun. Pressure 
Powder. 
б 25 None, Shot loaded from 4%9 
4-inch B.L., 13 cwt, ТӘП | тə | 
” ” ” » ” Moderate. Weak band. 1208 8°6 


| 
” | Strong band, service 
pattern. 


Venting also supplies an argument in favour of breech-loading guns, 
for removable bushes can be easily adapted to this class of ordnance 
even in a radial position. By the use of removable vents the operation 
of bushing with copper is altogether abolished, and reventing on ser- 
vice is reduced to a few minutes’ work in changing a movable store. 
In fact B.L. guns need never be thrown out of action by excessive wear 
of the vent, for as soon as much erosion is noticed the vent-bush can 
be replaced by another. Removable vents have been recently fitted to 
some of the heaviest R.M.L. guns, but the operation of removal in this 
case takes time, and it requires special implements of a large and cum- 
brous nature. 

A still more powerful reason may now be offered in favour of 
breech-loading guns, and this is the possibility of their being re-lined 
as erosion takes place in the bore. With heavy charges (and large 
charges are necessary for power) the scoring in the bore of a gun will 
seriously affect the life of the piece. M.L. guns can certainly be 
repaired with а new barrel, but this repair generally involves also а 
new tube over the chase, and the gun is іш fact half made over again. 
By the insertion of a new “liner” only in a breech-loading gun the 
repair is restricted to the part which is actually worn; the extent and 
thickness of metal removed may be limited to the degree of erosion 
in each particular case; the cost will be little, and the repair can be 
вооп carried out, while owing to the character of the work it may be 
repeated as often as necessary. 

From the foregoing discussion it will now be apparent that breech- 
loading guns are & necessity in the present condition of artillery 
science. For the development of power, and to keep pace with nations 
abroad who have been re-arming themselves of late years with more 
powerful guns, it became necessary to abandon the course to which this 
country had been committed in 1865, and to which it was compelled 
to adhere for some time on account of the vast expense of re-arming 
the vessels and forts. Re-armament also involved the question of 
building new ships and of re-building some of the forts, for the larger 
guns of new іуре cannot be mounted in existing emplacements ог оп 
carriages already made for the service. Necessity at last overcame the 
objection of expense, and with a decision in favour of adopting breech- 
loading guns, the next question which had to be settled was the 
particular method for opening and closing the breech. 
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Three systems only had been considered worthy of application to 
service artillery in Europe, viz. :— 


(1) the screw ; 
(2) the interrupted screw ; and 
(3) the wedge. 


The screw system has been already employed in this country, and not 
having proved satisfactory this class of guns had given way to rifled 
muzzle-loading ordnance. A return to the screw system was naturally 
out of the question; it was inapplicable to guns even of moderate 
weight, it required too much time for opening and closing the breech, 
and it could not be combined with the most approved methods of 
preventing escape of the gas. 

Wedge guns Lin found favour abroad, and there are several varieties 
of the wedge system; but the objections to this class are weighty: 
it requires great length in the breech, which is the heaviest part 
of the gun, and the wedge itself is too heavy in very large guns for 
proper facility in working the piece; while exposure of men at the 
Side to the chance of escape of the gas is а serious objection to 
апу wedge system. Тһе plan adopted by Krupp appears to be ап 
effectual method of closing the breech, and certainly lends itself 
to streugth of construction, but on comparison with the interrupted 
x iid system the latter was found on the whole to offer superior 

van ; 

The interrupted screw system had been adopted in many countries 
abroad, and had passed through satisfactory trial. Guns closed on this 
plan are -ae and more easily worked than those on any wed 
system. is method also possesses the advantage of being suitable 
for all the known systems of ottaration; especially the Пе Bange which 
has proved so very successful. A description of the breech-loading 

ear, and of the methods of obturation in conjunction with it, will be 
ound in a future chapter when dealing with this type of gun. 


History and Progress of B.L. Guns. 


The manufacture of new B.L. guns may be said to have commenced as 
recently as the year 1880, but already this class of ordnance is almost 
as numerous as that of R.M.L. guns. The history of their introduction 
is briefly given in the following précis of the progress made during 
four or five years. 

In the Annual Report of the Director of Artillery and Stores for 
1878-9 it was pointed out that owing to the increased length of 
modern guns, breech-loading had become a necessity : and having care- 
fully considered the best known systems in force, such as Krupp’s, 
Whitworth’s, the French, and several others, that preference should be 
given to the interrupted screw. 

The Superintendent R.G.F. was then called on to design B.L. guns 
of this type of about 20 and 40 tons weight. 

In June, 1879, a Committee on Ordnance was appointed under the 
Presidency of the late Major-General S. E. Gordon, C.B., and amongst 
their instructions it was specially mentioned that they should take up 
the subject of M.L. or B.L. guns for the service. They first recom- 
mended a 12-inch B.L. gun of 43 tons, the cols of which was put 
forward by General Younghusband, F.R.S., then Superintendent of the 
Royal Gun Factory; subsequently also а 10-4-inch B.L. gun for land 
service, and а 9°2-inch to compare with 24-c.m. gun manufactured by 
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Krupp. Approval was given, and these pieces were at once put in 
band : 


Two other guns of the same type to suit the naval demands 
were also recommended by the Committee in the same year; both 
25-рт. guns, one of 22 cwt. for the use of gun-vessels, and the other 
of 13 cwt. for the armament of boats and for torpedo defence of large 


ships. 

Ta thie meantime two B.L. guns made ut Elswick of 8 and 6-inch 
calibre, were lent by Sir William Armstrong & Co., for trial at 
Shoeburyness. They proved to be so satisfactory in the summer of 
1879, that three more 6-inch were purchased, and afterwards an order 
for fourteen additional guns of this type was given to the Firm, for the 
armament of H.M.S. “ Rover.” ` 

The 8-inch gun also was bought, and trials were carried out by 
the Committee; this gun became unserviceable after firing 350 
rounds through wear of the bore, and it was returned to Elswick for 
the purpose of being re-lined. 1 has since fired a large number of 
rounds, but no more 8-inch guns of this type were either purchased or 
made. 

Both the 6 and 8-inch Е.О.С. guns were constructed of steel 
barrels reinforced with wrought-iron hoops. An 8-inch gun of this 
character afterwards failed on board the Chilian vessel “ Angamos ” 
from want of longitudinal strength. Accordingly severe tests 
were applied to some of the 6-inch B.L. guns that had been pur- 
chased for H.M.S. * Rover”: the guns stood} their trial and were 
afterwards issued for service. In the meantime another design had 
ка adopted for the manufacture of similar guns in the Royal Gun 

actory. 

In March, 1881, when the Committee on Ordnance was dissolved, the 
result of their experiments may be summed up as follows :— 

(1) А 12-inch В.Г. of 48 tons had been made, and after passing 
a very satisfactory proof had also fired a few rounds at 
Shoeburyness. . 

(2) А 10-4-inch B.L. gun, which had passed f in June, 1880, had 
fired more than 50 rounds, from which valuable information 
had been collected. . 

(3) A 9:2-inch B.L. gun of 18 tons was under construction. 

(4) 6-inch B.L. guns had been designed in the Royal Gun Factory, 
superior in power to the guns which had been purchased from 
Elswick. 

(5) Two 25-pr. guns had been completed, and were awaiting а 
programme of trials, 

All the foregoing guns had been designed in the Royal Gun 
Factory, and embodied the following principles:—(a) the inter- 
rupted screw system for closing the breech, being а modification of 
that used by the French; and 9 maintenance of the latest method 
of construction as applied to R.M.L. guns, viz.: a steel barrel rein- 
forced by wrought-iron coils, with the trunnion piece welded to the 
breech coil. 

When the Ordnance Committee was appointed in April, 1881, their 
attention was specially directed to the new B.L. guns. 

About this same time an order was given for the manufactare of a 
considerable number of 6-inch guns on the R.G.F. plan; some were to 
be made by the Elswick Ordnance Company, and the rest by the Royal 
Gun Factory. These constituted the 6-inch Mark II. 

In May the Committee recommended the adoption of a suggestion 
made by Colonel Maitland, Superintendent of the R.G.F., that the breech- 
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openings of the 12-inch, 10-4-inch, and 9:2-inch experimental guns should 
ђе enlarged. The object of this was to admit cartridges of slow-burning- 
powder made up to the full diameter of the chamber. 

With the introduction of prismatic powder and the probable 
use of slow-burning powder in future, a new design was also put 
forward by the Superintendent R.G.F. for the 92-inch guns of 
18 tons. This differed from the experimental gun in the following 
points :— 

(1) In having steel coils in front of the trunnions instead of coils of 

wrought-iron ; 
(2) In being 22 inches longer ; 
(3) m paving & short chamber of much larger diameter than 
re; 
(9 Іо the use of a thicker steel соге ; and 
5) In the barrel being left unsupported by exterior rings for a. 
length of 122 inches from the muzzle. 

At the same time he urged that steel should enter m “largely into 
the designs for all MT guns, than it did in the experimental pieces 
then under trial. The Committee supported this view, and before the 
close of 188I some 8-inch guns entirely of steel were commenced: the 
construction took the form of а barrel supported by coils, the trunnion 
piece being screwed to the breech coil as steel portions could not be 
welded together like iron. 

Early in the next year (1882) № was decided to make the 12-inch 

on а design Эл similar to that which had been approved 
ог the 92-іпеһ. For 5.5., however, the trunnions were supplanted 
by ribs, to be bedded in the carriage of a new description put for- 
ward by the Elswick Ordnance Company. These are the 12-inch 
Marks I and II, in which the construction and dimensions are exactly 
the same; they differed only in the fact of the Mark II being trunnionless. 


А 4-inch Mark II was also designed in the spring of this year, іп 
which the steel barrel was reinforced by steel hoops, and as the 
Committee saw no objection to manufacture for general supply being 
carried on simultaneously with that of an experimental piece, a number 
were ordered at once. 

By this time many 6-inch Mark II had been made, and the trials at 
Shoeburyness had been most satisfactory. But certain guns of Е.0.0. 
manufacture showed signs of weakness at proof, and one or two failures 
occurred in guns manufactured at Woolwich from deficiency of longi- 
tudinal strength; so special tests were applied to several guns, some 
of which had partially failed. These guns stood their test, but it 
was thought desirable to lower the charge, and a fresh design was 
put forward for a Mark III 6-inch gun of stronger construction. 
This consisted of a steel tube reinforced by steel hoops, but before any 
guns of this pattern were much advanced, another change was approved 
which superseded this earliest design. 

In May, 1882, Sir William Armstrong & Co. made sundry objec- 
tions to the designs of 12-inch of 43 tons, which they were about to 
manufacture by contract. This led to a thorough investigation 
before the Ordnance Committee of the whole subject of construc- 
tion of guns. Amongst those who gave evidence were Colonel 
Maitland, R.A., Sir William Armstrong, C.B., Captain A. Noble, C.B., 
Mr. Vavasseur, C.E., Dr. Siemens, F.R.S., and many others. The 
тэс of the Committee, as regards the material for guns, recorded the 
following opinión :— 

(1) That the superiority of steel over wrought-iron was so marked 
that the latter should be entirely abandoned; and 


- —— 
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(2) That coiled steel, though superior to coiled iron, was inferior to — CHAP. T. 
cast steel forged out into boops. -- 
They thereforé recommended that ordnance should be composed 
entirely of steel, and that cast steel should be used for the exterior 
rings, rolled, hammered, or mandrilled into forged hoops. A specifi- 
cation was drawn out by the Committee, but these tests have had to 
be modified several times. 


On approval of this change in construction by the D. of A. in the Coiled iron 
autumn of 1882 new designs were supplied by the Superintendent R.G.F. given up in 
for all natures of guns then in hand, but on account of the forward *vour or 
condition of certain guns already commenced, it was found impossible stool. 
to adopt the new type of construction at once. 


In 1883 a further change was proposed to relieve the breech end Brecch-piece 
of the barrel from the intensity of strain ариг from а combination of for longitudi- 
transverse and longitudinal stress which naturally has a maximum value nal strength. 
in the region of the front threads of the screw. The thickness of the 
tube bul been less at this point than at any other part of the breech. 

It was suggested at first that the barrel should be furnished with а 

“plus” thread, by which contrivance the thickness of steel at this 

particular part would at any rate not be reduced. Afterwards a breech- 

piece was adopted to receive the breech-screw instead of allowing it to 

gear into the barrel. This proposition met with decided approval, and 

it was at once applied to all the natures of that were then under sy 
construction. In the smaller natures, having only one layer of metal Varieties of 
over the barrel which is commonly known as the jacket, the breech- °nstruction. 
screw gears into this piece in the manner shown by a sketch in the 

chapter on Gun Construction in the first part of this book. 


In the same year a further improvement was made in the Royal Bayonet-joint. 
Gun Factory to gain longitudinal strength and distribute the strain 
more evenly through the material. This consisted in locking the portions 
cf the gun firmly together by means of a bayonet-joint during the opera- 
tion of shrinking, so that eid icit is vastly increased and forward 
movement of the barrel is rendered impossible. The jacket or tube 
which has thus been turned round in its seat, is keyed in position by 
wedges driven into the intervals through which the кокке һауе 
passed; one wedge would be sufficient по doubt for this purpose, but 
by driving in wedges all round and by giving them a uniform slope, 
continuity of metal is preserved to meet any stress at that part which 
“> be felt in a transverse direction. 

here are consequently amongst B.L. guns of new type а great Varieties of 

үн of constructions which may be briefly summed up as construction. 
ollows :— 

(1) The E.O.C. first construction, represented by the 6-inch 81 cwt. 
gun (80-pr.), viz., a steel tube with numerous wrought-iron coils. 

(2) The R.G.F. first construction, to be met with in the 4-inch 
Mark I, viz., a steel tabe with a wrought-iron jacket and B-coil. 

(3) The К.С.Е. second construction, as seen in the 92-inch and 
12-inch Marks I and II, viz., a steel tube with steel coils, and а wrought- 
iron breech-piece and jacket. 

(4) The first R.G.F. steel construction, which was applied only to 
8-inch Marks I and II, and to two experimental field guns, viz., a steel 
tube reinforced with steel coils, the trunnion-piece being screwed on to 
the breech-coil. 

(5) The second R.G.F. steel construction, consisting of a steel tube 
with rings of cast steel, forged and mandrilled out into hoops; this will 
be — in the 4-inch Mark II, 5-inch Mark I, and 8-inch Mark ITI. 

0.0.) в 
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(6) The third R.G.F. steel construction, in which the breech-screw 
gears into the breech-piece, so that this portion takes all (or nearly all) 
the longitudinal stress. ` 

(7) The E.O.C. construction, as applied to the gus of 110 tons 
now being made, viz., a barrel and a breech-piece with a great number 
of small exterior hoops extending from muzzle to breech ; and 

(8) The latest R.G.F. system, which embodies а breech-piece to 
take the breech-screw, and a few exterior tubes of great length, 
shrunk on with bayonet-joints, so that all parts are firmly united 
together in à manner which enables them to share the stress in any 
direction. А liner is fitted into the breech end of the A-tube, to 
facilitate repair when the bore at that part becomes much eroded, and 
an a-tube is shrunk into the muzzle end to strengthen that portion. 

To these we shall soon have to add another system in which the 
chief feature is wire. Experiments in the use of steel wire, as regards 
tension, form, size, and method of winding, have been conducted at 
Elswick and Woolwich for several years; the initial compression of an 
inner tube obtained by this means may be exceedingly great, and the 
strength of а cylinder therefore реу калу high to meet a great 
stress from within. The chief difficulty has been hitherto to provide 
longitudinal strength with any system of wire construction; but this 
difficulty is now overcome. ire guns have been made with success, 
and some are in course of manufacture, but these must be considered 
only experimental pieces as yet. 

A table is appended to show the power of some new B.L. guns for 
comparison with that of the M.L. ordnance which they are intended 
respectively to supersede (see next page). 

Before describing in detail these B.L. guns of new type, it will be 
desirable to devote a chapter or two to the R.B.L. guns of earlier 
design, which are still retained in the service. 
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PART III. 


CHAPTER II. 


R.B.L. GUNS: MANUFACTURE, FITTINGS, AND STORES. 


Geno:ul construction.—Manufacture of 49-рғ. 35 cwt.—Rifling.— Brecch fittings.— 
Copper rings.—Chambers.— Bushing.— V ent-piece.— Breech-screw.—Tappet ring. 
Lever and keep-pins. —Indicator ring.—Proof of R.B.L. guns and fittings.— Pro- 
сэгзгэ aftor proof. —Lining.—Sightinz.— Marking. 

Sights and Stores :— 

Tangent sights, L.S. and §.S.—Rectangular.—Hexagonal.—Barrol-headed.— 
Sliding leaf.—Graduations.—8et screws.—Moveablo clamp.—Trunnion sights.— 
Ecrew and drop pattern.— Wood side scales.—Shot bearers.—Vent bits.—Bushes. 
—Clamps.—Collars.—Crutches.—Extractors.—Elevating eyes.—Facing imple- 
ments.—Instruments for taking impressions.—Instruments for sighting.— Levers. 
—Hand rifling machines.—Elevating patch.—Friction tube pin.—Keep-pins.— 
Pivots.—Elevating plates.—Rings, vent-piece, indicator, tappoet.—Saddles.— 
Wood side scales.—Screws.—Sights.—Sockets.—Straight-edge.— Vent-pieces.— 
Table of tangent sights. 


Tur class of ordnance described in this chapter has been successively 
designated the “ Armstrong,” the “ vent-piece," and the © B.L. screw” 
guns. The name of Armstrong was naturally given to them in the first 
instauce, from the fact of hate lai been originally designed 5H that 
eminent engineerand inventor. When muzzle-loading guns were adopted 
they were commonly spoken of as the ** breech-loaders," there being no 
other kind of breech-loading guns in the service; andagain when other 
B.L. guns were brought in, they were called for а time “ vent-piece " 
guns, from that distinctive feature in their breech-closing arrangement, 
Owing to the conversion, hewéver, of some into “ side-closing” guns, 
the vent-piece has been changed to a solid stopper or block, and then 
the term “vent-piece” had to be given up. Now they are called 
* R.B.L. guns,” in contradistinction to the “ r. з” of later date, 
which are closed with an interrupted screw, and in all reports and 
returns it is necessary to adhere to this designation. 

There are three main pcints which will have to be separately con- 
sidered, in every type of breech-loading gun, viz.: (1) construction, 
(2) method of closing the breech, and (3) the system of obturation, or 
means of thoroughly preventing the escape of gas. 

All R.B.L. guns were made on Sir W. Armstrong’s original system of 
construction, which, with his breech-closing arrangement, was adopted 
in 1859: and although the manufacture of this class of gun was 418- 
continued in 1864, there are so many still in the service and held in 
reserve, that it will be necessary to explain fully their mechanism, 
fittings, and stores, The men who are liable to use any of these 
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guns should also be instructed in the repairs which may have to be CHAP. II. 
carried out to maintain their efficiency on service. — 
The original construction consists, as already stated, of an inner barrel Construction. 
of coiled iron,* a solid forged breech-piece, a Тог, trunnion ring, and 
one or more exterior coils according to the size of the gun : for instance, 
the 6-pr. has only one, and the 7-inch of 82 cwt. has six. 
Ав an example of manufacture we may take the 40-pr. of 35 cwt., 
the construction of which may be seen in the sectional drawing here 
given. 
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barrel, but that material was abandoned owing to the diffloulty of getting it of 
suitable quality at that time, especially for guns of large size, d 
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The barrel or À-tube was made of five welded coils united end for end 
with a spigot and faucet joint after being previously put together by 
shrinking: the exact number of coils "ul of course vary with the 
length of the barrel for different natures of guns. Coiled barrels were 
afterwards abandoned in favour of solid forgings of iron, which were 
bored out into tubes. These were ado on acoount of the difficulty 
experienced at one time in making coiled barrels free from defects as 
shown by the coil marks and imperfect welds after firing. But forged 
barrels again were soon given up, for although free from defects in the 
bore they proved to be deficient in strength; for the fibre in the iron 
ran lengthways, and the barrel contributed little to the circumferential 
strength of the gun, in which direction alone its g a is required, for 
the breech-piece takes all the longitudinal stress. Steel barrels were 
then tried and subsequeutly adopted for all natures of ordnance. Any 
R.B.L. guns which have since required a new tube have received a 
barrel of steel. 

The breech-piece was forged in a solid block and bored out very nearly 
to the diameter of Ње A-tube ; the breech-screw gears into this portion, 
which therefore is expected to absorb nearly all the longitudinal thrust. 
The trunnion ring also was forged from а solid mass of wrought iron 
in the manner already described, which was afterwards retained in the 
manufacture of R.M.L. guns. The requisite number of exterior coils 
were separately prepared, and the gun was built up by shrinking these 
parts successively over the barrel. In this construction the trunnion 
юм was not welded to апу outer сой as in the jackets afterwards 
made, but it was shrunk on by itself, trusting only to the grip of 
shrinkage for the necessary — in tho gun. 

After the gun was built up it was brought to the necessary dimen- 
sions by turning and boring. It was then rifled on the Armstrong 
polygroove system with uniform twist. The number of grooves would 
depend on the size of the bore, but they were all of the same character, 
though not exactly of the same size; the form is shown in the 
accompanying sketch, the driving side being radial to the bore. The 
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lands were left narrow so to remove as little as possible of the lead 
жн which the projeciles were -coated to take the grooves of the 
ing. 


Breech-closing arrangement. 


Two methods at first were employed for. closing the breech, viz.: 
(1) by means of a stopper dropped into a slot, which was held firmly 
in position by a powerful screw; and (2) by means of a stopper and 
wedge worked on opposite sides through the breech. The latter system 
has been pronounced obsolete ;* we have therefore to explain only the 
stopper and screw. 


• A few 7-inch wedge guns, and a considerable number of 40 and 64-prs. were 
made with this system of closing the breech; some were issued to the Navy, but 
they were soon withdrawn from the service and the whole class placed in гевегто. 
а M they were pronounced “obsolete,” and it was decided that they should all 

roken up. 
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Preparation of the gun for Breech Fittings. 


After being built up and rifled the gun was prepared for the breech Vent slot. 


mechanism by having a slot cut in the upper part of the breech for 
insertion of the stopper, and underneath this a circular hole was drilled 
through the lower side of the gun, which was called the “ water 
escape ” or “ drip hole.” ; 


CHAP. П. С. à 


The gun was then chambered, ie, the powder chamber and shot Chambering. | ө Y 


chamber were bored out to their respective dimensions. Тһе diameter 
of the former was rather the greater, removing all the lands of the 
rifling: the latter, which is slightly conical, does not remove the whole 
of the lands, and this acts as a stop for the shell in loading. 


Immediately in front of the shot chamber there is a “grip” in the Grip. 
bore, which is the smallest diameter in its whole length: this is the = 


real calibre of the piece, and the grip is given to the gun that the coat- 
ing of lead on the projectile (as the latter begins to move) shall be 
thoroughly compressed into the grooves. From the gripto the muzzle 
the bore is — out to reduce friction until at the muzzle it is about 
"005 of an inch larger than the actual calibre. 


The breech end of the A-tube was next bored out and threaded to Screwthreads. 


receive a breech-bush, and the part of the breech-piece in rear of the 
slot was prepared with a female thread for the breech-screw. 


Breech Fittings. 


The breech fittings for R.B.L. guns are as follows :— 
Vent-piece. 
Breech-screw. 
Tappet ring. 
Lever — 
Indicator ring. 


The Vent-piece. 


The vent-piece is the block of iron or stcel which closes the end of Vent-piece. 


the bore after loading. lt received this name because the vent was 
placed in it in preference to boring a hole in the gun: the operation 
of reventing was thus also abolished, for a new vent-piece could 
always be taken into use without any delay. 

The vent channel passes down through the neck to the centre of the 
block, and thence horizontally to the face of the piece, so that the 
cartridge is axially ignited. The axial position, however, was not in- 
tended to confer any advantage as regards pressure or ballistic effects ; 
it was so placed for maximum strength in the block. 


Breech 
fittings. — ^ 


2 

4 
m 
я 


The material has been frequently changed ; wrought iron first, then Material. 


steel, then Swedish iron, then steel toughened in oil, and lastl 
Marshall’s refined iron, have been employ The material of whic 
а vent-piece is made is always stamped оп the back.* 


The vent-pieces of all except the 40-pr. and 7-inch guns are lifted Saddle. 


away from the gun after firing each round, but with these two (the 
heaviest) natures they have to be placed on a saddle or rest, jast in 
rear of the slot on the top of the breech of the gun. 


A vent-piece consists of a body, vent-bush, copper ring (except for Parts of в 
the 7-inch), a cross-head, and shackles. vent-piece. 


* In 1881 it was decided that all steel vent-pieces should be considered obsolete, 
in — of several eplitiing on service: they should accordingly be returned 
into store. | 


CHAP. П. 


Cross-head 
and shackles. 
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There is a “foot” оп the 7-inch and 40-pr. vent-piece to enable а 
man to hold it in a vertical position, and also to prevent the face from 
being injured when the vent-piece is dropped into the slot. 


SERVICE VENT-PIECE. 


The vent channel is bushed at the upper end only. The bush formerly 
consisted of three or four plain cylinders of copper about an inch long, 
with óne piece screwed in at the top: now only one long plain cylinder 
is used instead of the short pieces. The bottom is not bushed, because 
the block would be too much weakened thereby. 

The copper ring is attached to the face of the уеш!-рјесе by means of 
an annular undercut groove, into which the ring is sprung or driven by 
force. The ring is made of pure copper and it has a dovetail correspond- 
ing to the form of the seat in the vent-piece. To put it on, the vent- 
piece is placed in а screw press and the ring is then force into the 
groove. Оп service the breech-screw may be used for this purpose. 

The crors-head and shackles are not put on till after proof. The 
cross-head is made from a block of scrap iron, and is so shaped that its 
—— rest on the slot when the vent-piece is іп the proper position 

or being screwed up. Great pains were taken to get this correct, to 


_ prevent the possibility of the vent-piece ever going wrong. 


O.P. vent- 
рїеоез. 


Broech-screw, 


The material, date of manufacture, pattern, and number are marked on 
the block, and the latest pattern available should always be used: 
O.P. vent-pieces without a projection at the back should on no account 
be employed. 


Breech-Screw. 


The breech-screw is made of steel toughened in oil for all guns of this 
class except the 7-inch, which has an iron screw faced with 6 inches of 
steel, for an iron face would be liable to get dented and “ set-up” under 
the pressure of the screw and reaction of the gas on firing. The 
thread is of the “ V-bevelled" type, so called from the shape of its 
gection, which is less liable to get clogged by dust and grit and more 
easily worked than the square thread. A few of the earliest guns may 
be found in which the square thread was employed; the breech-screws 
in such a case are not interchangeable with those of the service pattern. 

The 7-inch gun and its breech-screw have a double thread ; this gives 
double the amount of travel in working without reducing the bearing 
surface of the screw. 

All breech-screws are marked with the nature of gun, but not for any 


— — a v. ——kkN— qM 
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particular piece, although the register number should at any rate at first CHAP. IL 
correspond with the number of the gun. — 
The screws for the 40-ргв. of 32 and 85 cwt. are not interchangeable, 
having a different pitch and form of thread. 
The hollow ог bore of the screw is slightly less in diameter than that The boreof | 
of the chamber in ie ege to prevent the breech bush from getting the screw. 
ew 


damaged by the proj hen loading. 


40-PR. BREECH-SCREW, TAPPET RING, LEVERS, AND KEEP-PINS. 
Beale, ł inch —1 foot. 


Tappet Ring. | 
Тһе tappet ring is octagonal in the interior, and fits on а similar Tappet под. - 
п on the rear of the breech-screw ; hence it acts as a — 


wrench to the latter, the power being communicated from the arm of 
the lever by means of the tappets, which come into contact with pro- 
jections on the tappet ring. 


Lever and Кеер- Рта. 


The lever fits on a circular part of the breech-screw behiud the tappet Lever and 
ring ; it is free to revolve round the screw, but is prevented from coming keep-pins. 
off by two keep-pins, which work in а cannelure. The lever is fitt 
with weight balls to give dynamic power in screwing up and releasin 
the screw. The levers are all of wrought iron, the handles being screwed 
into the weight balls. The small natures of R.B.L. guns have one 
handle and weight ball; 40-prs. have two balls but only one handle; 
7-inch guns have two handles and balls. The levers all have a play of 
*02 inch round the breech-screw, and as there is no icular strain on 
them they are not easily damaged ; they are pied adir for guns 
of the same nature. А handle can be easily renewed if it should happen 
to get broken off. 


Indicator Ring. 


The indicator ring is а thin, narrow ring of wrought iron, fitted on the Indicator 
breech-screw in front of the tappet ring; on the internal circumference ring. 
there аге а number of grooves or feather-ways, any one of which will 
fit а “feather” on the breech-screw; it should be so adjusted that when 
the vent-piece is properly screwed up the brass index or arrow on the 
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СНАР. П. indicator ring and that on the top of the breech-piece should be 
-- opposite one another ; then it can be scen at а glance when in action 
whether the vent-piece is properly screwed up, or in the dark this 
7 could be ascertained by the touch. Аз the copper ring and breech- 
№ ` screw are faced on service and the metal thereby cut away, the position 
. Of the index may have to be altered; this is done by shifting the ring 
у on the breech-screw, so that the feather takes a different groove. 
Ç RINGS, INDICATOR (FOR 7-INCH B.B.L. GUN). ë Y 


The s':aded portions show the indicator ring. Tappet ring removed. 


' 


— .. —-— 
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Guns having ^ Тһе 7-inch and 40-prs. are the only guns with which an indicator ring 
indicator ^ ¢ is considered necessary; but some 40-ргв. of 82 cwt. do not use them, 
— ‚ not having sufficient length of breech-screw. 


i 
Obturation. 


Obtaration. To make the joint gas-tight between the stopper and the end of the 
bore two copper rings are employed, which are faced convex and 
concave with a corresponding angle, to ensure a close fit. One ring 


SYSTEM OF OBTURATION. . 
— —M— 1 


В.В.» GUNS: MANUFACTURE, FITTINGS, AND STORES. 258 


‘is affixed to the face of the vent-piece and the other (commonly called 
the breech-bush) is screwed into the bore of the gun. Either ring can 


.OHAP. II. 


be easily refaced with tools which are supplied for the purpose, aud . 


when worn out they can be replaced by others. They are made of 
copper in all except the 7-inch guns, which аге now bushed with iron, 
-as copper rings were found to work loose. š 
With 40-pr. and 7-inch за tin cup is also used, which assists the 

obturatiU by preventing the gas Trott-acting—with full force on the 
joint. 
У Copper was found to be unsuitable for 7-inch guns, from the liability 
of this metal to damage and the want of stiffness in rings of so large a 
diameter, so the vent-piece itself is faced to the angle required, and 
the iron bushes are supplied for the bore. The iron bushes first used were 
2 inches long and $ inch-thick ; but as these occasionally shifted from 
want of screw bearing a second paitern, which was 3 inches long and 
ka! an inch thick, was adopted. This could be inserted in, guns already 

ushed with the earlier pattern, and when this was done such guns were 
marked DB on the right trunnion.* 


Proof. 


A R.B.L. gun was proved without its breech-closing gear w 
parts being used) by firing six rounds with а charge half as heavy 
again as that appointed for service and with a shot equal in weight to 
the service projectile. The bore was carefully examined by means of 
tta-percha impressions, and by gauging both before and after the 
ring, as described for muzzle-loading guns. 
Vent-pieces and breech-screws underwent two service rounds in- 
dependently. 


After Proof. 

The guns having passed proof were marked, lined, sighted, &c., prior 
to issue. 

The weight of the gun, Royal Monogram, and broad arrow were 
stamped іп front of the slot, and the mark,t name of factory, date of 
proof, and register number on the left trunnion. 

Vertical and horizontal lines were engraved on the breech and muzzle, 
for the purpose of enabling the sighting plates to be adjusted. These 
are also of practical use in the repair of this class of gun. Horizontal 
lines were marked on the right side of the breech, right trunnion, and 
_ right side of the muzzle, except on field guns; and vertical lines also 
intersecting those on the breech and the trunnion. 


Sights. 


All R.B.L. guns are sighted on both sides, having two tangent? and 
two fore-sights, 


As the amount of metal at the breech end of the gun is small in all 


* Prior to the introduction af this pattern bush, all 7-inch guns had been bushed 
either with copper or the thick iron bush. It is advisable to re-bush with iron any 
guns still retaining the copper: and guns which nre not prepared for the new 
pattern bush must be furnished with a bush of old pattern. Guns marked DB 
would of course be re-bushed with a 3-inch bush, or if necessary with both. 

+ Some В.Г. screw guns may be found without any numeral stamped on the 
trunnion, becanse the order for marking in this manner was not in existence when 
the first guns of this nature were issucd. 

2 a the different patterns of these sights see Table XXIX, at the end of this 
chapter, 


Proof. 


Marks on the 


gun. 
Sighting. 


4 
` 


s 


СНАР. П. 


Tangent 
sights. 


Elevating nut. 


О.Р. sights. 


Bliding-leaf 
sights. 


Graduation of 
tangent bars. 
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natures except the 7-inch, the tangent sights are set in a wrought-iron 
ring, which is screwed on to the breech and secured to the gun with 
the sockets inclined at an angle of 2° 16’ to the left, this being the angle 
of correction for drift. 

For the 7-inch holes are drilled in the breech of the gun itself at an 
angle of 2° 16’, and sockets are adjusted in them which ure similar to 
those described for R.M.L. guns. 

The fore-sight holes are drilled perpendicularly, and in guus using 
screw sights these holes are prepared with a screw thread. 

Generally speaking, the tangent sights consist of steel rectangular 
bars with barrel-shaped heads, ог іп the latter pattern (introduced іп 
1867) with a plain head and sliding leaf for deflection; but for tho 
12-pr. guns, 7-inch of 72 cwt., and a few 7-inch of 82 cwt. also, the bar 
is hexagonal in shape and made of gun-metal. The reason of this 
difference lies in the fact that these natures were the first introduced, 
and it was then thought that hexagonal bars would suit best, with 
graduations on all the six sides. Afterwards, when rectangular steel 
bars were preferred, it was not thought worth while to alter the few 
7-inch guns so prepared, while on the other hand the trouble of altering 
the 12-pr. guns then scattered all over the world would have been 
very considerable. 

LS. sights һауе a slow-motion *elevating nut," the circumference 
of which is graduated from 1* to 10", во that minutes of elevation can be 
accurately obtained. This was considered unnecessary for sea service 
sights, which therefore have no slow-motion nuts; in all other respects 
the sights for land and sea service are just the same. 

Many sights of old pattern, and still earlier hexagonal sights of 
Е.О.С. manufacture, may possibly be met with in forts, but these, if 
corrected to the latest graduation and brought up to date, are not to be 
considered obsolete. 

In barrel-headed sights the leaf is traversed by means of a mill- 
headed screw at each end of the barrel. Тһе screw has а pitch that 
makes one complete turn in moving the leaf through a distance of 
10 minutes; the circumference is accordingly divided into ten equal 
parts, во auy exact number of minutes can be accurately given. There 
are arrows on the head to show the direction in which the screw must 
be turned to give deflection to the right or left. The deflection scale is 
graduated for 30 minutes either way. 

In the sliding leaf pattern the leaf ia traversed by hand and clamped 
in the required position by a mill-headed screw on the back or muzzle 
side of tho sight: this, though not quite so accurate as the old pattern, 
has ie advantage of lightness, ani is not so liable to become stiff in 
working. 

The steel tangent bars are graduated on one of the narrow sides in 
degrees, and on the other in yards. Those for the 7-inch guns of 82 
cwt. have also a graduation on one of the flat sides (right) for tenths 
of fuze corresponding to range. Each degree is divided into six 
divisions of 10 minutes each. 
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BARREL-HEADED SIGHTS, WITH MOVEABLE CLAMP, 


Scale, # inch = 1 foot. 


gun-metal socket). 


ЕВА, 7-inch 82 cwt. (with 


(with socket-ring). 


R.B.L., 40-pr., 85 and 82 owt. 


;oogle 


С 


Fore-sighte. . 
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BLIDING-IEAF SIGHTS. 
Scale, 2$ inches =1 foot. 


LAO SCAVICE. BEA SERVICE, 
„> 


In the 20-рг. and smaller natures of R.B.L. guns the tangent 
sight is clamped at elevation by means of a copper-set screw, secured 
by a chain to the piece. In other natures* the sight is fixed by a 


MOVEABLE CLAMP. 


* clamp tangent sight " which permits of the sight being removed from 
the socket to be taken to the light for adjustment during the operation 
of loading ; this is found to be a useful arrangement between decks or 
in casemates, and generally too in the field. 

There are two patterns of fore-sights, viz.: the screw and the 


drop pattern. The former is used with field guus that they may not be 


* Tho 7-inch of 72 owt. also has its sights clamped by a set screw. 
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shaken out when moving over rough ground. The latter is supplied CHAP. 1]. 
to the 20-pr. and all higher natures, except the 7-inch of 72 cwt., with — 
which а large screw fore-sight is used, altogether of exceptional pattern ; 

this may also be met with on a few 7-inch of 82 cwt. 


The advantage of the drop pattern is this, that the sight can be 
easily removed during transport, and placed in position for use without 
trouble; spare sights, too, can be carried which are ready to be d 
in the gun. without any adjustment ;* the service sights can also be 
kept safely in store when not required for use. 

op fore-sights are issued complete, with the leaf finished ; but 
screw sights must be issued with rough leaves; hence it is chiefly 
with field guns that the process of repair and adjustment may have to 
be L. while on service. 

th tangent and fore-sights are marked for the nature of gun 
to which they belong, and all tangent sights (both 1,8. and 5.8.) аге 
interchangeable for the same nature of piece except those for the L.S. 
and S.S. 20ерг. guns, which are sighted to a different radius. 

For S.S. all R.B.L. guns, from the 7-inch to the 20-pr. inclusive, - Wood side 
are supplied with side scales: these are flat bars of wood graduated to scales. 
12° elevation and to 6° for depression. In the case of the 20-pr. 18 cwt. 
gun, when used on the deck of an ironclad ship, the wood side scale has 
& moveable pointer similar to those which are supplied for R.M.L. guns, 
and this is graduated for 20° of depression. 


Stores. 


The stores for R.B.L. guns which are supplied by the Royal Gun 
Factory are enumerated in a table at the end of next chapter; but a 
few remarks will be made here about them. 

Bearers, shot.—These shot bearers are made of wrought iron, with 5919. 
three handles covered with leather, and are so совете that the рго- 
jectile cannot drop out after the weight is once taken. They are known 
as “ Alderson’s pattern.” Two are issued for each 7-inch gun. 


% Screw sights are nominally interchangeable for guns of the same kind, but on 
account of the difficulty in preparing the thread of the screw with the accuracy 
required in this case, some small error might occur with any change of position. 


м. 
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CHAP. П. i BEARERS, SHOT. 


$ 812. Bits, vent (Armstrong)—The Armstrong vent bit is of steel, with а 
cross-handle of wood, similar in shape to a gimlet. It is used to 
clear the vent channel if the copper bush should become choked or 


BITS, VENT (ARMSTRONG). 
Scale, 4. 


burred. There-is but one pattern. They are issued in the proportion 
of one bit to four guns, except for field service when there is one for 
every division, and for sea service when they are issued according 
to the requirements of the ship. 


§ 399, Bushes, breech, iron, thick, 7-inch.—Two inches long, $ inch thick, 
for screwing into the breech end of the A-tube of 7-inch guns. 
§ 467. Bushes, breech, iron, thin, 7-inch.—A later pattern 8 inches long, and 


$ inch thick; this can be screwed into a gun already bushed with 
one of the earlier pattern. Spare, 1 per gun. 

§§ 526, 530, Bushes, breech, copper.—To be screwed into the breech end of the 

1145. . A-tube of 40-pr. and all smaller guns; they should project 0:08 of an 
inch, to enable them to be refaced on service. Spare,* 2 per gun. 

§ 1232. Bushes, copper, vent-piece.—For the vent channel. Spare,* 1 for every 


* These copper articles should be carried in some place where they would not bo 
liable to be injured or knocked out of shape, 
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two guns for 7-inch, and 40-pr. when mounted in forts: one for each 
gun for field service. 
Clamps, tangent sights. —Similar to those used for R.M.I. guns. 
Collars, leather, for breech-screws.—This collar is sented for 12-pr. 
guns, and is made to fit on the breech-screw close to the breech of the 
When a thicker vent-piece was adopted for strength, and the 
slot in the gun widened accordingly, some threads of the breech-screw 
were exposed, and this collar was introduced to protect that part and 
keep off the dirt. It can be pared И necessaty as the copper is cut 
ауғау in facing the ring or the Бий 
Crutches, iron.—The vent-pieces for all except 7-inch guns do 
not afford room for a friction tube pin for sea service, so they are 
fitted with a crutch, attached round the mouth of the vent by two 


CRUTCHES, IRON, 
Scale, 4. 


screws. A slot is cut in the vertical part of the crutch, through which 
the friction bar of the tube should be passed ; the head is supported in 
this manner when pulling the lanyard, and the risk of its being broken 
off is reduced. 

For field marine service the crutch has two slots, so as to enable 
the gun to be fired from the left side when on land, the right side being 
commonly used on board ship. 

Extractors, tin cup.—The tin cup extractor for land service is simply 
an iron hook with а wooden cross-handle. One is issued to each gun 
using tin cups. See drawing on the next page. 

For S.S. it is an iron lever with a barbed hook which is pivoted at 
the end to pass through and extract the tin cups; at the other end 
it has a curved hammer which can be used as a taser lifting joint.” 

For the 40-pr. side-closing gun a new pattern extractor has been 
recently made, which is longer in the rod, and the hook has been 
exchanged for a T point. 

Eyes, elevating (with bolt, washer, and keep-pin).—The elevating eyes 
are of iron, and they are screwed underneath the breech of L.S. guns. 
For the 20, 12, and 9-pr. guns they are double-headed, but for the 6-pr. 
solid; the heads of the elevating screws will therefore respectively be 
single or double-headed. | 

Lanyard guide.—Guide plates are of steel, and one is screwed on to the 
breech of each S.S. gun at the right rear of the slot to guide the lan- 
yard (which should be passed through it), and give a direct pull on the 
tube. Ithas a crosshead to which a loop on the lanyard can be attached 
when the gun has been loaded, to prevent it from being fired acci- 
dentally. Тһе Navy useit because they fire their guns just as the 
object crosses the line, and this guide plate enables the gunner to 
= direct pull on the tube while looking over the sights. 

с.о.) 8 


$ 57; 688. 


$ 733. 


$ 1259. 
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CHAP. 11. FXTRACTORS, TIN (UP, 
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Instruments, facing.—The use of these instruments is described in 
Part IV, and a table is there given of the tools which are. comprised in 


а set. Тһе sets are issued for 7-inch and 40-prs. in the proportion of 5 


one рег district or battery and опе іп reserve; for other guns one set 
per battery only. 

Instruments, taking impressions of the bore.—These are supplied in two 
sizes :— Мо. 1 for шаһ or 40-pr&, which sre equally suitable for 
ЕВА and ALL. guns; and No. 2, which is smaller and suitable only for 
R.B.L. guns up to the 20-pr. inclusive. An instrument consists of a 
curved iron frame about 2 feet long connected by right and left- 
actioned levers with an iron tube in such a manner that by screwin 
up 8 rod which passes down through the tube, the frame can be rained 
or lowered at will. 

Upon this frame a gun-metal plate, corresponding to the calibre of gun 
must be screwed (except in the case of 6-pr. and 40-рг. guns, when the 
frames themselves answer the purpose) and the gutta-percha is spread 
on the plate. When placed in the bore oppusite the part of which an 
impression is wanted, the gutta-percha is pressed out by screwing up 
the machine. 

Instruments, sighting, set.—Sighting instruments are intended for 
special issue only ; repairs can generally be effected without them. 

Lever, breech-screw.—This may be considered part of the gun, but it 
is placed in the vocabulary as a separate store, because it can be 
exchanged when required. 

Lever releasing vent-piece—This is an iron crowbar about 2 feet 


LEVER FOR RELEASING VENT-PIECH (IRON). 
Beale, 1 inch = 1 foot. 


«tl» 
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10 inches long, for prizing out the vent-piece of а 7-inch gun, when- 
ever it may jam after * 

Machine, hand-rifling.—There is one hand-rifling machine for each 
nature of gun,* and all are alike in pattern. They are for the purpose 
of filing down metal that may һе turned up in the bore by the prematare 
bursting of a shell or other cause. 

The machine consists of — 

1 bar, working (0), with cross-handle (the 12-рг., 9-pr., and 6-pr. 
have no cross-handles). 

1 block, guide (d). 

2 cutters, file (A). . 

1 distance piece, in halves, with bolts and nuts (e). 

1 head, filmg, with springs (c). 

2 screws, fixing. 

The filing head is of hornbeam wood, and is grooved like the barrel 
of the gun. The headis held upto its work by means of strong springs 
(in the 7-inch there are two, in all other natures one), and a small file can 
Le fitted on either side of the head which is further kept up to its work 
bya spiral spring placed underneath it.f Oneside is for grooves,the other 


* Except in the case of 9 and 12-pr. gans, for which the same instrument may be 
used, because the calibre and rifling is the same. 
+ The 7-inch has по spiral spring, the double spring being sufficient for the 
purpose. 9 
s 
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515, 816, 
574, 575, 745, 
1073. 


$ 1312, 1625. 


$ 1061, 1096. 


$ 709, 1484. 


5 973, 109. 
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MACHINE, HAND-RIFLING (FOR 6-PR. B.B.I. GUN). 
Scale, 14 inch = 1 foot. 


§ 102, 717, 
718. 


8 850, 472, 
526, 528. 


$ 790, 1083. 


for lauds, and the files are shaped accordingly ; only one file at a time 
can be used, which, when fixed, is worked backwards and forwards 
until the obstruction is removed. The guide block which is placed in 
the muzzle keeps the bar in the centre, and the distance piece is 
clamped on the bar at the distance of the flaw from the muzzle. 

Patch, metal, elevating —These patches are made of gun-metal, and 
screw into the elevating eye-holes of 12, 9, and 6-pr. guns when fitted 
for sea service. Тһе 9-pr. patch has a steel screw. 

Pins, friction tube.— These pirs are of wrought-iron, case hardened, and 
are inserted- 1:3 inches to the left front of the vent on 7-inch vent- 
pieces, fur sea service only. The loop of the quill friction tube fits over 
the pin, which is made one inch in Jength, not “75 inch as shown in the 
figure for R.M.L. guns at p. 166, to prevent a liability of the loop 
slipping сй. 

Pins, keep, lever.—These are part of the breech-closing machinery. 
Spare pins are issued in the proportion of one per 7-inch and 40-pr. ; 
two for all other guns. . 

Plates, elevating.—These stores are only required with the 20-pr. 
R.B.L. guns of 18 cwt. when mounted on wrought-iron sliding carriages. 
The guns should be prepared on both sides of the breech with the 
necessary screw holes; but only one plate is used, which is triangular, 
as in the case of the 40-pr. R.M.L. gun. 

Rings, copper, vent-piece.— These have already been described as 
forming part of the obturation of this class of gun. They have a half 
dovetail on the inner side, which prevents the passage of the powder 
gas between it and the vent-piece. It projects from the face of the 
vent-piece “02 inch when new, so that it can Бе refaced two or three 
times. Small channels are cut on the inside of the ring to allow 
the confined air to escape when placing it on the vent-piece. Spare, 
two per field gun. 

Rings, Indicator, for 7-inch and 40-рг. R.B.L. Guns.—See diagram and 
description at р. 252. 

Rings, tappet.—See p. 251. 

Saddles, metal.—Metal saddles form в rest for the vent-piece of the 
7-inch guns, and are attached to the gun in rear of the slot. The 
saddle for the 72-cwt. gun of A pattern is about 24 inches shorter than 
that for the B pattern gun, the breech being shorter. and this is 
attached by four screws, all other saddles have six. For the 82 cwt. 
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gun the saddles are stouter than for either of the light 7-inch, and the 

position of the screw-holes is different. š 
Scale, wood, side.—The wood side scale is used by the Navy for 

broadside guns for giving elevation only, when the object is obscured 


SCALE, WOOD, SIDE. 


Scale, 1 inch = 1 foot. 


by smoke. It must be used in connection with the ship's pendulum, 
director, or other means employed to ascertain the heelof the vessel. 
Тһе method of use has been explained at p. 151, except that no move- 
able pointer is supplied, and there is no heel scale on the gun; conse- 
quently the angle of heel must be either added to or substracted from 
the elevation required for range. 

The side scales are adjusted to the rear chock of the carriage with 
the zero notch coinciding with a point on the vertical line intersected 
by the horizontal line cut on the right side of the breech, the gun being 
horizontal They are graduated to give 6^ depression and 12 elevation, 
the radius being the distance from the centre of the trunnion to the 
point of intersection on the side of the breech. 

Тһе wood side scale for the 20-pr. of 18 ог 15 cwt. has а moveable 
pointer similar to that used with R.M.L. guns. This scale gives 
т" down to 20°, ара elevation up to 12°. (See figure, next 
page. 

Screws, set, tangent sight, right hand and left hand.— These are used for 
the purpose of clamping the tangent sight, and pass through bosses in 
the tangent sight ring. For the 20-pr. downwards they are attached to 
the guns by а small chain. ` 

Screws, fixing, plates, elevating.— These belong to the 20-pr. of 18 cwt. 
only ; they are used to fasten the elevating plate. 

‚ Screws, fixing, crutch.—To attach the crutch to the top of the vent- 
piece. 

Screws, fixing, metal saddle.—To attach the saddle of 7-inch guns. 

Screws, preserving.— To occupy the holes for the crutch, friction tube 

эш, and lanyard guide, when the gun is used for land service, and mounted. 

Then dismounted these holes should be filled up with grease. 

Sights, instructional, wood.—Enlarged models of the tangent sights 
either hexagonal or rectangular are issued on demand. 

Sockets, metal, —Gun-metal sockets are supplied for the 7-inch guns. 

Straight-edge.—The straight-edge is of steel, 18" x 14" x 44". It is 
used for testing the face of breech-screw, back of the vent-piece, &c. 

Vent-piece.—For field batteries two vent-pieces per gun are issued 
(one carried in the gun, one at the side of the trail), and two in ad- 
dition per battery. Garrison and siege batteries have three per gun. 
Vent-piece, drill, Marks I, IT, and 111, are issued for use with 40-pr. 
guns for drill purposes. The marks differ in the method of attaching 
the metal face and minor details only. 

Wrench.—A wrench 13 required to attach the elevating racks and 
plates to the 20-pr. guns, when mounted on the decks of ironclads. 
This із the same as wrench No. 4 used for R.M.L. guns. 
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PART III. 


— — 


СНАРТЕВ Ш. 


DIFFERENT NATURES OF В.В... GUNS IN THE 
SERVICE. 


'R.B.L. guns in the service.—7-inch of 82 cwt.—7-inch of 78 cwt.—40-pr. 
32 cwt.—40-pr. 35 cwt.—40-pr. side-closing gun.—20-pr. 16 owt.—20-pr. 15 cwt. 
—20-pr. 18 owt.—12-pr. 8 cwt.—9-pr. 6 cwt.—6-pr. 3 cwt.— Table of dimensions, 
riding, breech fittings, &c., for all R.B.L. guns in the serrice.— Table of sights, 
fittings, and stores for each nature of R.B.L. gun.—Table of stores for guns 
mounted on special carriages. 


— 


А FEW remarks are here offered in connection with each nature of 
R.B.L. gun in the service, to point out peculiarities in their construction, 
ae any special sights, fittings, or stores which may be associated with 
‘them. 


7-тећ Guns. 


There are two natures of 7-inch: the heavier, weighing 82 cwt., was 
the one first introduced into the service, a number having been issued 
in 1861; but the lighter gun, of 72 cwt., was of earlier construction, 
though not completed and issued till 1868. From experience gained in 
the case of the 40-pr. gun, which preceded the 7-inch, it was thought 
advisable to improve upon the original design, and to add a strengthen- 
ing coil over the powder chamber. Before this was decided, however, 
about 76 guns of the lighter description had become too far advanced 
for the change ; these were afterwards utilised by completion as 72-cwt. 
guns for — вегуісе. 


7-inch Gun of 82 cwt. 


This gun consists of an A-tube, а forged breech-piece, a B-tube which 
extends from the breech-piece to the muzzle, а trunnion ring, and six 
exterior coils. 

It has been used largely for land and sea service, but not being 
sufficiently powerful for the penetration of armour it was replaced in the 
naval service by heavier muzzle-loading 

It was first called a “ 100-рг.”; but afterwards, in 1861, when the 
weight of projectile was increased to 110 lbs. it was designated the 
110-pr ; finally it was termed the 7-inch of 82 cwt. 
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7-inch Gun of 72 cwt. 


CHAP. III. 
This consists of the same parts as the 7-inch of 82 cwt., except that 7-inch,72 owt. 


there are only four coils; but it differs in dimensions and outline, 5 598. 


specially at the breech end of the gun. 

kero Aro two patterns, racket respectively “А” and “В”; the 
former being 2 inches longer in the barrel than the B pattern, and 
2 inches shorter in the breech. 

They have been issued for L.S. only. | 

‘the designation was changed іп 1863, from the “light 110-pr.” to 
the 7-inch of 72 cwt. 


40-pr. Guns. 


There are two natures of 40-pr. guns, which correspond in general 
«construction with the two natures of 7-inch. 

The calibre is 4-75 inches; and both patterns have been issued for 
land and sea service. 


40-pr. Gun of 82 cwt. 


This consists of an A-tube, forged breech-piece, B-tube, trunnion 
ring and three coils. Тһе muzzle part of the barrel forms the chase of 
the gun, for it is not covered by any exterior layer of coiled iron. 

The tangent xi ји are placed in & socket ring, which is fixed to the 
breech by a small screw, so as to give them an inclination of 2° 16' to 
the left. 

These guns were recommended іп 1859 for the navy as broadside ог 
pu gna, but they bim now be used only by the land service for 

atteries of position and garrison purposes. 

А few of these have a trunnion ring made of cast iron; these 
my be known by the face of the trunnion being conically bored out in 

е ceutre. 


40-рғ, Gun of 85 сил. 


This gun consists of the same parts as the 40-pr. of 82 cwt., but it 40-pr., 35 ст. 


40-pr., 32 сті. 
$ 901. 


has a longer and stronger breech-piece. which is rounded off at theend. $ 902. 


The strengthened pattern was introduced in 1860 more as a matter 
of precaution than from any symptoms of weakness in the lighter gun. 
t is used for the same purposes as the 40-рг. of 82 cwt., and the 
fittings are made interchangeable with the exception of the breech- 
screw which has a different thread, the pitch being 7” in this caso 
instead of a 9" as in the earlier gun. 


40-pr. of 85 cwt., Side-Closing Gun. 


In 1880 it was proposed to convert the 7-inch of 82-cwt. and the 
40-pr. of 85 cwt. into “ —— guns; experimental pieces were 
accordingly серке and submitted for trial. ese answered exceed- 
МЕ тен е saving of labour being very great especially in the case 
of 7-inch; approval for service, however, has only been given for 
а limited number of the 40-pr. guns, which will be mounted on elevated 
carriages. Тһе experiments embraced other systems of obturation, 
change of powder, and в copper band on the shell, to develop an increase 
of power, but these pointe involved new ammunition and considerable 
expense, 8o it was ruled that no change should be made which would 
prevent the existing ammunition from being used up. 


40-pr. side- 
losing gun 


с. 
$ 441 
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20-pr., 10 cwt. 
§ 998. 
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BREECH END ОР GTN, 


The alteration consists in bringing the vent-piece stot to the right 
side, by turning the trunnion ring to the left. This can be done by 
heating the ring very carefully, во as to loosen its grip, when the turn 
сап be made through a quarter of the Gircle, which must be previously 
marked on the gun. 

The gun is then fitted with a solid stopper or breech block. Ап 
upper and lower -metal bracket is affixed to the slot, between 
which the block dide , ite movement in and out of the gun bemg 
limited by a spring stop which is worked by a small lever above. 
The breech-block is fitted with a copper ring like а vent-piece. Тһе 
gx has a radial vent through a copper bush on the right side 6:5 inches 

rom the end of the bore and inclined at an angle of 45? to the plane of 
the axis of the gun and its trunnions. 

А special tin cup extractor is required for use with this side-closing 
gun; but in other respects the same sights and stores are employed 
as those which are supplied for the original gun. 


20-pr. Guns. 
There are three natures of 20-pr. weighing 16, 15 and 18 cwt. 
respectively. Тһе calibre is 8:75 in in all. 
20-pr. Gun of 16 cwt. 
This gan consists of an A-tube, a forged breech-piece, a trunnion 
ring, and five 


coils. These and all smaller screw guns have no B-tube, 
not even like the 40-pr., in which it extends half-way down the chase. 
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It was originally made for a 25-рг, and recommended as such for a 
light gun of position ; but subsequently it was resolved to assimilate 
this piece to the 20-pr. guns, in order to use the same ammunition. It 
has only been used for L.S. 


20-pr. Gun. of 15 cwt. 
This piece was adopted for the Navy in 1869. It is 24 feet shorter 
than the L.S. gun, and differs also slightly in construction. There are 


but three coils: the breech-piece is not supported behind the vent-piece 
slot; and there is a raised coil over the chamber. 


20-pr. Gun of 13 сил. 
This also is а S.S. gun, having been recommended in 1859 for а 


CHAP. IIT. 


20-pr., 15 cwt. 
$ 904. 


20-pr., 13 cwt. 


“ pinnace gun,” and for field marine service. In dimensions it resembles $ 9C8 


the 15-cwt. gun, but iu construction the land service piece. It has 
four coils, and the breech-piece is covered in reor of the slot with а 
coil of. wrought iron. 

The 13-cwt gun is still used on the upper decks of ironclad ships, 
and is mounted on а carriage which allows 20° elevation ог 30° de- 
pression. When so used it is fitted on the right side with a gun-metal 
elevating plate and a steel pivot for the elevating rack, similar to that 
used еді heavy R.M.L. guns. 

The vent-piece, breech-screw, and stores generally are interchange- 
able amcngst all the 20-pr. guns; but there are different sights for the 
land and sea service pieces on account of the different lengths of the 
sighting radius. 

Neither of the S.S. guns can approach the longer piece of 16 cwt. 
in power or accuracy of shooting. With the same charge the muzzle 
velocity of the L.S. gun is 1,130 f.s., while that of the S.S. guns is 
only 1,000. 


- 12-pr. Gun of 8 сит. 


There is now only one kind of 12-рг. gun, an-l this із used for both 
land and sea service. 

The calibre is 3 inches. 

The gun consists of an A tube, a forged breech-piece, trunnion ring, 
D three coils; being similar in construction aud outline to the 20-pr. 

It was recommended in 1858 for the equipment of field artillery, and 
it was pened ined adopted by the Navy, аз а boat ог field marine gun ; 
but the naval pattern was 12 inches shorter, and was made without a 
grip at the muzzle, which was given at first to the land service gun to 
centre the projectile at the muzzle, and thereby obtain accurate 
shooting. 

In 1863 an universal pattern was introduced, the L.S. pattern being 
altered ; but the shooting of the 12-рг. gun was very much impaired 
by this change. The vent slot was widened to take a thicker and 
stronger vent-piece, an alteration which caused a portion of the breech- 
screw to become exposed even when tightly screwed up. А leather 
collar was then made to cover the thread, which thus became liable to 
damage and to injury by taking up grit. 

The tangent sights are of exceptional pattern, being hexagonal gun- 
metal bars. For this and all smaller natures of R.B.L. guns, the trun- 
nion sights are of screw pattern. 


12-pr. 


$ 401. 


829. 
989. 
$ 836. 


CHAP. III. 


9-pr., § 905, 
474, 529. 


6-рг., $ 906. 
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9-pr. Gun of 6 cwt. 


This gun was introduced in 1862 for the Horse Artillery. The Navy 
also adopted it afterwards for a boat and field marine gun. 

The calibre is 8 inches, being the same as for the 12-pr. gun. On 
emergency the 9-pr. ammunition, or at least the case shot, might be 
fired from the 12-pr. gun; but the converse can never be done, for both 
the shot and the cartridge would be found too long for the chamber in 
the 9-pr. gun. 


б-рг. Gun of 8 cut. 


This gun was recommended in 1858 for mountain service, but when 
found rather too heavy its use was restricted to colonial batteries. 
The navy also took it as a boat and field marine gun. 

The calibre is 2°5 inches. 

In construction and general appearance it resembles the 9-pr., but 
there is only one exterior coil which is placed in front of the trunnions ; 
the breech-piece supplies all the metal over the A tube in rear. 

The sights, fittings, and stores are similar to those used with the 
9-pr. рап, but of course they are not interchangeable. 
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TABLE ХХХ. 
Stents, FITTINGS, AND STORES, ков R.B.L. Guns. 


18141 
a i | | 
| зен | Ë ||! 
я | 
STORES. | ok | | Пемлвкв. 
181% | 81515154 
ІШЕ Ї ШЕТТЕ 
118 |5 518141218 
ИИНИННИННЕ 
i РА š -: 5 1% ; 3 Ды | | 
— B LR 4$ ee 
Bands, elevating (with pivot)... _|—-|—|- —|*1;—|— — — i— i “Бак II. 
Bearers, shot ... vi 4 Ba sar [dp -!-|-.-:-;-: " 
| i ! ; у Іншеді 
Bits, vent, Armstrong... вара зо | ЗЕ (824 { prorerione as 
! қ ! ! required. 
Blocks ( Preech drill «« —{-|- —|1:—|—.–— — — 
breech ... ... штэ fam де тте гер 7: СОС 
Brackets, guide Цин us e EE os ре! ATIS = | —,— | gun only. 
ИШЕНЕ те) ы өле н 
тесс n ) ove ње Го | == | == | == | == | = |] = | 
saa | сор аа 1| 1! 11,1 
copper, vent-plece, sets e| № 41 раге £p k: Td | 1 | 1 | *Excopt aide-clos- 
Clamps, tangent sight {ê — „аа E E Ж 3 3 = yz nel ре нај ing. 
Crutches, iron 2.  „!—]—]—|| Pye] !|—-|—1— | ges 
ades He {кок — .-- ч Ч - Ч - Ч Ч p" са *For aide-closing 
та, tin cup 1: e £e — - guns 
нец ННН * 
ев, clevating (complete фра)! _|___ | _ А 
eae penne p») = ЕЕЕ 
Implements, facing, wt ... > РО ы RI Yl wy 1, 1 
Instruments, taking impres- (No. | 1| 1| 1| 1|1)—|—|- | — | == 
sions of bore of guns No. 2 ..! ||| - || 1] 1| 1j 1, ! 
Lanyard guide * “. - . 1ј=]ј= | 1|--| 11--!|-- | -- | - 
ЕН brecch-erew .. É A 1 I l рар 1| 1' 1,111 
vers ose I (-1-1-1-1-1-12- 
veot-pleoe { Tending (ор 1 1|1|-:1-1-:1-4-1-1- 
Machines hand-rifüng .. .. i 1| 1| 1 4 1141 1: 414 | 1 
! (e | (а) 
mem (eu. = = ПИ 
friction tube. е з з 1)—|-|-|-|-|-|-|-| – 
Pins lever ... =. “| 21 21 2) 2] 21 21 2] 2) 21 2 | (Рог use with 
Кесер 20-pr. when 
pivot, plate elevating -1-1-1-111-1-1-17- mounted өп 
upper decks. 
Pivots, clevating “С” ec tee — | = | — | — | — | 1Ї-1-1-1-- 
Plates, elevating .. ove .. --|--|--|--1-!11--|-|-!- 
теті-ріесе ... .. ... || |- | 1| 11 1 ay 11 py 1 
Rings í indicator... .. 1111:1(1:1(111-1-1-1-17- 
tappet ЕЭ 1] 1| 1] 1] 1] 1] 1] 1] т 
Saddles, metal . РА 1111111-1-1-1-1-1-1- 
Scales, wood, side .. 11-4-111-111-1-1-1- 
bi 1 1 Li flit 1 1 1 1 1 
ect in tangent sight, right hand: —|-|||—| 1] 111 111 
tangent неи. — -1-1-1-1-1111 1 1 1 
crutch -(1-1-121-121-1-1-1- 
Bcrows fixing 4 saddle ... ere ... 8141-1-1-1-1-17-17 
late, elevgtin -|-|-|-16-1831 -1-1-1- 
— ... к айе-|--|--1--| 2 | - | 21 2] 21 3 
шин. plates, lanyard guide... — | 1| 1: ||| | - | - | - 
erv- < pin, friction tubo 1 — | 1|—|-| 1|-|-| 1 1| 1 
( PE (plates, clevating ./-|-|-|-|-|4-|-ізіті!саа оға st 
instructional, wood ши -1-1-1-1-1-1117-1-1- dg es only. = 
Bights 5 tangent „ „ ~ .2|2|21|2|2|2|3|2|21|% 
fore ... ove .. г... „1 212121] 21 21 2| 21 21 24 2 А 
Issued іп certain 
Stralght-edges, for testing breech-screws| 1| 1| 1] 1) 1j 1| 1 1! 1| 1 í proportion 
and vent-pleces required 
Wrench, No. 4... бр ave даг 2|-|-1-1-1-111-1:-1-17- 


Моть.-А! the above stores are interchangeable with guns of the same nature, excepting those markod thus. 
(а) No; used with side-closing guns. 
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OH AP. ITI. 
TABLE XXXI. 
Srores for R.B.L. Guns when mounted оп SPECIAL CARRIAGES. 
Ordnance, B.B.L. 
T-inch, 82 cwt. 40-pr. 
Artic'es. 7 · inch 2 Sare. 
— —* A 54 " 
Sido- | 16 
L.S. | Moneriet Pinch U L. LS. = closing|cwt. 
Mark it pi ia gas 
carriages. 
Bolt eye for trunnion 2 — - — — | — | Ltoevery 5 gunsso mounted. 
Block, breech, with handle, &c., com- 27 нь abet > ч (? to each gun, and 2 copper 
m заваа” rings extra per gun 
Brack movable sprin; К 1 to every 10 ог less num- 
— handle, РЕ, ын < — — к= Er — M ый 
guide serews, fixing... 
= => шах — 
upper, with 3 screws, fixin га А 1 ber of guns. 
2 2 ы 


Clamps, tangent aight ain > aq 
Гуе, elevating, complete, with. bolt, 


washer, and |} eep- pin .. .. == - — - 1 
: with bolt washer, 
keep-pin and $ Droech | — 1 
r ting with i A ~ 
eleva pivot, keep 22 У 
pin,and тезе, (еб es at 
fixing "ас зайн 
Pieces, vont ... .. еә . j 1 1 
Plates, trunnion... ш ш сој — 1 
Rings, indicator ... 2.1 4 1 
Saddles, metal, with screws, fixing ее] № 1 
breech, complete, with tappot 
( 1105,2 keep-pins,and lever 1 1 
есі, tangent t - — — 2 
brackets, guide . | — - - 
reserving 4 pin, friction tube | 1 1 - 
я guide ...| 1 1 = 
l sight, reflecting, 3 


— 


rol wl 
lol юь 


* кој required if fitted with a ‘saddle, metal,” having “ 


í! to Аел. 10 or leas пш- 
ber of clamps. 


{? pivots to every 10 or less 
number of gunsas fitted. 


{2 poppet Se ag а inch, ~ 
toevery 40-pr. - 
and 2 copper riage'per guin. 


1 breech-screw complete to 
а? 10 or leas number 


guns. 
and 1 tappet ring, and 1 
keep-pin per gun. 


1 mirror, with &c., 
complete, toevery 10 or 
на number of guns. 


Di 
{ver of dena of the te 


( glass mirror gun. 


ber of sights of the same 
nature. 


3 springs, spiral,to each gun. 


” 
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PART 111. 


СНАРТЕВ ТУ. 
В.Г. ORDNANCE.* 


The interrupted screw.—Obturation.—Tho “ сар” system.— Brass discs.—Instruc- 
tions regarding cup-obturation.—Large cups.— De Bange method of obturation.— 
Spindle attechment.—Lever with cam and locking arrangement.— Endurance of 
the pad.—General remarks on B.L. guns.— Length.—Chase.—Swell at the muzzle. 
—Bell-mouth.—Enlarged powder chamber.—Rifling.— Marks and lines.—Guns 
with cup-obturation.—Venting.—General description of sights.—Sights with. 
square tangent bar.— Triangular sights.— Acorn fore-sights.—Special 8.8. sights.— 
Details of the 12-pr.—4-inch 13 cwt.—4-inch 22 owt., I, II, III and IV.—Slide 
with vent-masking hood.—Slide with percussion lock.—5-inch, I and II.—6-inch 
80 cwt.—6-inch, II and III.—7-inch.—8-inch, I, II, III, and IV.—9'2-inch, I, П, 
and III.—10-incb.—12-inch, I, II, ПТ, and 1V.—13:5-inch.—16:25-inch.— Table 
of dimensions, rifling, &c.—Table of tangent sights for B.L. guns.—Table of 
sights, fittings, and stores issued with each nature of gun.—Tuble of ballistios. 
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The inter- (~ In all the B.L. guns of new type in our service, the breech-action, or 


rupted screw: 


Obturation. 


method of opening and closing the breech, is the same, viz: the inter- 
rupted screw system. This consists of a solid breech-block of steel. 
furnished with a screw-thread of the requisite strength and pitch, 
while the gun is prepared with a similar female screw to receive it: the 
surface of the block is then divided longitudinally into six or eight equal 
rts, and the screw-thread is entirely removed from alternate portions 
уа peang machine ; in the gu alternate portions are slotted away, 
but the parts which correspond with the smooth portions on the block 
are left in relief, and those which are opposite to the screw-thread are 
cut away. When mutually prepared in this manner, the block can be 
pushed into the gun or drawn out with direct motion, while а turn of 
one-sixth or one-eighth of a circle(after being pushed іп) is sufficient 
to bring all the screw-threads into gear. e bearing surface and 
strength of the screw is obviously reduced by one-half, but the 
requisite strength can be easily provided by regulating the length of 
the block ; such length cannot appreciably affect the time occupied in 
opening or closing the breech. Additional mechanism may be supplied 
for working the heavier natures of ordnance, but extra leverage or 


‚ power does not alter this principle of closing the breech. 


Two systems of obturation will be found in guns of this class, which 
for brevity may be distinguished as the “Elswick Cup” and the 
“De Bange” systems. 

* The designation of this class of ordnance has been changed since their first 
introduction. The term “interru screw” has been dropped; they are now 
called simply “ B.L. guns," the old breech-loading guns retaining their namo of 
** R.B.L. guns.” 


- ————— — — x . 
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The “Cup” system consists of a shallow steel cup which is bolted | CHAP. IV, \ 
axially to the face of the breech-screw by means of a spindle and nut. — 
The back of the cup is flat, while the face of the breech-screw is made [The Elswick — , 
siightly convex. А copper ring is let into the gun behind a step in the сагсчин” 
chamber, which encircles the сир when the breech has been closed. 

The cup is set “ home” into contact with this copper ring by the travel 
of the breech-screw; then the pressure of gas on firing the char, 
drives back the outer portion of the cup upon the curved face of t 
block, so that its flange is forced out against the ring, and bedding 
itself in the copper it prevents all escape of the gas. 

Although the best silver steel is employed for these cups, they are Brass disce 
apt to take a permanent set tothe curved face of the block: thin discs 
of brass of smaller diameter than the outside of the cup are therefore 
supplied to guns which have this obturation to be placed on the spindle 
аз packing just behind the back of the cup; their object is to carry 
the outer edge of the cup away again from the block. 

Both the cup and copper ring should be kept perfectly clean in action | Instructions, 
for grit and dirt will prevent that close contact which is necessary to 


- 


seal up the gas. With the smallest escape the cup will get scored 
round the edge, and the gas rushing through a furrow so made will 
soon damage the ring in the gun. So that any small fissure on the 
cup should not remain opposite the same spot on the ring for two or ` 
more consecutive rounds : шилээр of this point may soon lead to deep 
scoring, which would render the gun unfit for use. A damaged cup 
may be easily exchanged, but renewal of the ring in the gun is an 
operation which can only be performed by skilled artificers with suitable 
tools. A cup tightly fixed on the block would most likely produce a 
gas-worn ring in a very short time, and the furrowed ring in its turn 
would be the means of destroying every new cup; во it is highly im- - 
portant with this obturation to observe cleanliness both on the copper 
ring and rim of the cup, and especially to watch the state of the ring 
80 as to maintain perfect smoothness of surface. 

Again, the copper ring is liable to be expanded or set out to a larger Large сара, 
diameter by repeated pressure until the obturation is imperfect from 
inability of the cup to press tightly against the copperring. To meet 
this cause of failure cups are supplied 005 of an inch larger in diameter 
than the service cups, for which the latter can be exchanged when 
required. If the soft metal in the ring yields further to the pressure 
of these cups of large size there is no remedy but renewal of thering ; 
and this is a difficult operation which even trained artificers may fail to 
carry out satisfactorily. š 

From these remarks it will be seen that there are serious objections 
to the cup system, and consequently another method was recommended 
by the Superintendent R.G.F., which is known as the De Bange obtura- 
tion. This after full trial was adopted in 1882 for all natures of B.L. 

— 
е Bango 


08. 
. м . D 
The De Bange obturator consists of a mushroom-headed spindle of —— 


steel affixed to the breech block by an axial stem, with a pad com- 
prising a wad and a pair of compound metal discs. The face of the 
breech-screw in this case is flat, and between this smooth surface and 
the back of the Же mobile (as the head of the spindle is called which 
forms the end of the bore) the wad and discs are arranged. The wad 
is made of asbestos, worked up with grease toa proper consistency and 
enclosed in a strong canvas cover; it is reduced to shape and pressed 
in a hydraulic machine ; afterwards it is subjected to higher pressure 
in the gun by firing heavy charges at proof. This wad is enclosed 
ший: * plates of tin, the outer angles of which are protected by 
с.о. т 


CHAP. IY. 


Action of the 
De Bange 
wbturator. 


Simplicity 
and en- 
Чигапсе. 


Spindle 
attachment. 


Lever with 
<cccntric and 
locking 
urrangement. 


216 : B.L. GUNS. 


rings of steel.* At first an outer ring was split to give freedom for 
expansion, but experience has shown that this is unnecessary if the 
rings are of proper diameter. There is no preparation in the gun 
except a slight cone as а seat for the obturator when pushed home in 
the gun, and the surface of the pad is provided with a similar taper to 
ensure a good fit. 

The action of the De Bange obturator is this:—When the breech- 
block is pushed into the gun the téte mobile and obturator enter the 
chamber with perfect ease; on turning the breech-screw, the pad is 
brought into contact with its coned seat iu the gun, and pressed home 
by the travel or pitch of the screw. ‘The bore is then perfectly closed 
by a species of buffer in contact all round the circumference, while the 
téte mobile forms a loose end to receive the force of the gas on dis- 
charge. On firing the gun the pressure acts on the steel mushroom 
bead, and this squeezes the pad against the breech-block, causing it to , 
expand laterally ; from symmetry of form and position this expansion 
must be radial to the axis and equal in every direction, and experience 
has proved that it is sufficient to prevent escape of the gas. After the 
pressure is removed elasticity comes into play, and the obturator can 
be withdrawn from the cone by a straight pull, which can be given as 
soon as the screw is unlocked. 

The simplicity of this obturation is evident, and the system has been 
found perfectly effective in guns of every size : it involves little circum- 
вресбоп in use, and there is nothing in the gun which can ever require 
repair. As regards endurance, the pads are almost indestructible, 
except perhaps from the wear of opening and closing the breech : spare 
pads аге provided with every gun, and if necessary the old one can be 
easily changed by any one who has seen the operation performed. 
Some pads have been known to last thousands of rounds, but if the 
firing is rapid the wad may get softened by heat; in this case the 
pad should be changed and thrown into cold water for a time, when it 
will soon be restored to good condition again. Only field guns would 
be liable to such rapid fire, and the work of changing a pad in a small 
gon can be performed in a minute. Whatever фе size of the piece, 
guns need never be thrown out of action for want of repair as in the 
case of cup obturation; but the pads should be carefully handled 
whenever removed from the gun, for by rough treatment the metal 
discs might get injured. 

In both the systems of obturation described, it is necessary that the 
pad or the cup should be attached to the breech-screw by means of a 
spindle, and not rigidly fixed to the face of the block, for after firing 
each round there is a tendency on the part of the obturator to stick to 
the sides of the chamber, and render the work of ‘releasing the 
screw sometimes an operation of difficulty, By means of the spindle 
attuchment the screw is free to turn independently, while its removal 
о the gun can afterwards be easily effected by a direct pull on the 

ock. 

With De Bange obturation the lever handle is made to assist in this 
work, for a cam or eccentric if furnished at the end which is pivoted 
to the breech-block, by means of which the lever can be made to act 
аз а prise, and so start the movement without any exertion. Тһе ессеп- 
tric also provides a locking arrangement for the firing position by gear- 
ing into a recess in the gun, so that the breech-screw is prevented from 
shifting on the shock of discharge by the falling of the lever; a 


* These rings were originally made of brass, and then of phosphor-bronze, but 
now they are all made of steel. 
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tell-tale is also supplied at the time of closing the breech, for it can- 


«uly fall when the breech is properly closed. 


APPARATUS FOR ACTUATING ВВЕВСН-ВОВЕҮ. 


With 9-2-inch guns and upwards, when hydraulic power is not avail- 
able, a special power-gaining apparatus is supplied for turning the 
эрсэн eng and another is to be supplied for withdrawing and push- 
ing it home. 

The first is shown above, and consists of a “Stanhope lever” 
arrangement worked by a pump handle, this engaging in a 
wheel by means of a double ratchet, which can be thrown over to 
work either way. The pumping motion of the handle thus transfers 
a circular motion to one of the arms of the knuckle joint (or Stanh 
lever), which arm is pivoted at the centre of the toothed wheel to the 
face of the breech. The other arm of the joint pivots at one end to 
the first arm, and at the other end to a block sliding in a rectilinear 
groove in the face of the breech; this pivot projects so as to en 
in a slot in the ordinary lever handle, which is here supplied with a 
spring knob to keep it raised or permit of its being lowered to bring 
its cam into play, either in loosening the breech block after firing, or 
in clamping the breech block before firing in the usual manner. 

Tho pawl or ratchet of the main handle can either be коа оуег 

т 
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OHAP. IV; 


Length. 
Swell at the 
muzzle, 


Bell mouth. 


Chamber. 


Rifling. 


Twist. 


Lines and 
marks, 


Guns with 
cup obtura- 
tion, 


Firing 


by hand for reversing the motion, or when properly adjusted is thrown: 
over automatically at the right moment by a curved stop attached t-> 
the toothed wheel. 


General Remurks. 


There are a few points of resemblance which run through thé whole 
class of B.L. 

One of their principal features is length, and this is required to suit 
y large charges of slow-burning powder now used for development 
of power. 

here is а swell at the muzzle to give strength to a part which is- 
unsupperted by adjacent material in front, and most exposed to an 
enemy’s fire. ы Š 2 
The guns are all slightly bell-mouthed; this reduces the length of 


` the bore to a trifling extent, but also reduces the strain as the shot 


leaves the muzzle. 

The powder-chamber is greatly enlarged, and with few exceptions, 
which only occur among the earliest guns, it is cylindrical in form at 
the breech, to admit a cartridge of Ue largest diameter possible. 

The rifling has the М.В. form of groove in all but the &inch of ‘80 
cwt. which has the E.0.C. polygroove. The dimensions of the groove 
at one time were the same for all natures of guns, but the depth now 
varies slightly with size. In field guns it із “04 inch, in the medium 
natures “05, and in the heaviest guns "06 inch. The number of grooves- 
corrresponds with four times the calibre in inches. 

The twist of the rifling in R.G.F. guns increases from a small amount 


` at the breech to a maximum which is generally reached about half-way 


down the length of the bore, the remainder to the muzzle being uniform 
at the maximum pitch. š 
The lines and letters engraved on these guns are much the ваше ав 
Lhose found on 8 muzzle-loading piece, as described in an earlier part of 
this book, excepting terminal lines for bore and rifling, which are 
omitted; but the calibre is added upon guns of new type, and this, 
with the nominal weight and number of the gun, is engraved on the 
right trunnion, supplying a full designation of the piece. 
е cup obturation will only be found in the first two Marks of 4-inch 
ips. 13-cwt. Mark I and 22-cwt. Mark I) and 6-inch 80-pr. and Mark 
I guns, and in the 32-pr. smooth-bore B.L. gun. This was the method 
adopted at first, and in some respects, as аду explained, it proved 
to be unsatisfactory. Colonel Maitland accordingly tried the system 
known by the name of De Bange, which had been used for some 
years in France, but a doubt seemed to exist about its efficiency, or at 
any rate as to whether it was applicable to very large guns. Ехрегі- 
ments were conducted in the Royal Gun Factory with guns of every 
calibre, and the results were most satisfactory, so this system was 
adopted in 1882 for all B.L. of new type except those already 
issued to service; the Еівтіск cup is restricted to the few natures 
mentioned above, aud will probably be allowed to die out. 
There are six different systems of firing arrangements in these B.L. 


arrangements. guns, which are here briefly described, viz, :— 


(1) The eopper bush in a radial position as in R.M.L. ordnance but 


this will be found in the 4-inch of 13 cwt. and 32-рг. S.B. B.L, ' ' 


guns only) ұзтаз есі | 

(2) А steel rembv&ble bush 3180 Tadially placed in a vertical plane 

through the axis for the use of friction tubes of the ordinary 
pattern. The field guns and the 4-inch Mark I of 22 cwt, are 


ERE M см | 


\ 
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vented in this manner. Тһе bush can ђе easily replaced 

when worn out; it has a mushroom head, which is seated in 

aspherical recess in the bore, with a copper washer to ensure 

a дон joint. A wrench is supplied for unscrewing the nut 

on the top of the bush, and when removed the bush can be 

ushed down into the gun. Under the nut is 8 spring washer. 

he new bush is inserted by hand from below, and a feather 

will be found in the gun to correspond with a groove in the 

- bush, which prevents it from turning round while being 
tightened up by the nut. 


(3) A percussion firing arrangement of Elswick design, which is (г: X 


k v V. 


applied to the 6-inch guns of 80 cwt. А description of Біз A . 
will be found amongst the details concerning this particular” \~: 
` nature of gun. “умом " 


i» 
4) An axial vent with removable “ holder tube" for vent-sealing „ x које 
я : 


tubes of “ V " pattern, as applied to the 6-inch Mark II. This 


also will be described with the nature of gun to which ity 


belon 
(5) An өткі vent with a slide and vent-masking hood, made for 
vent-sealing tubes of “ М” pattern, for guns fitted with De 


aud instructions relating to this method оѓ venting, see page 


287. Улаз (1 P* БОЛА С 4 бе. тло. 
(6) An axial vent ТА slide and ЗЛА АІЖ lock for — 29 


.M 
M 


X3 s 


y^ 


tubes of “Р” pattern. This is described with the 4-inch ... - 
Сж ава 5 | 


Mark Ш, and will ђе applied to all natures, as far аз possible, 
superseding the earlier arrangements. 

All three patterns of vent-sealing tubes may be electric, 
but'vents prepared for one nature of tube will not take any 
of a different description. 


B.L. guns are provided with two or three sets of.sights; their 
position is much the same as on R.M.L. ordnance, except that various 
plans have been adopted for increasing the length of the radius, and 
the left sights have been removed in some cases to meet a particular 
system of mounting, and in this case centre hind-sights have been 
furnished instead. 

The tangent scale sights are of two general patterns, viz.: those 
with bars of square section, and those which are heart-shaped or 
triangular. The latter are provided with separate metal slips on 
which are marked the yards scales: these being liable to change 
with any alteration of charge can be replaced by unscrewing the 
fixing screw and removing the small retaining piece at the bottom 
of the bar; the metal slip can then be withdrawn and a new one 
inserted. This arrangement will not necessitate any new mark of bar 
being required at any future time should & new charge, &c., be intro- 
duced for the gun. th descriptions are raised in their sockets by а 
rack on ithe front faco of the bart and а movable automatic pinion 
arrangement in the sight-clamp, which clamps the sight at any eleva- 
tion. The deflection leaf is traversed by meaus of а miil-headed screw. 
In all cases the mark of sight and the gun for which it is made are 
stamped on the strips and body of bar. 


These sights when provided are similar as to body to the R.M.L. Centre hind 


у 


.\ С Ы 


= 


Tangent- 
sights. 


sights, being hexagonal; and as to head to the B.L. just described. ighte. 


* In earlier patterns, the hoad was saddle-shaped to suit curve of bore. 
T The front face is that fronting the muzzle. 
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) 
Bange obturation. The majority of B.L. guns at first issued (| и 
had this kind of venting arrangement. For а description,,,{{ (A. ' 
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Fore-sights. 
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| are necessarily shorter than a side scale, though similarly 
uated as far as they go. 

The fore-sights, as a general rule, are acorn-shaped, and removable 

on the drop system with double bayonet joint. A sketch is given on 


„Ње next page of the sights for the 6-inch Marks II and III, which 
-may be considered typical of the two descriptions of sights applied to 
` nearly all B.L. guns. 


6-INCH B.L. MARK II. 6-INCH B.L. МАГЕ III. 
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The tangent sighis with square bar will be found on all the 4-inch 
and 5-inch B.L. guns, and on the 6-inch Mark II. The heart-shaped 
bar will be used with the 6-inch Mark III and IV and all heavier 
natures, There are also some exceptional patterns which will be 
mentioned with the guns that have been provided with them. 


For 8.8. guns, sights of a different pattern are to be provided, to 8 


meet the requirements of firing from a moving platform, having 
deflection scales marked to enable the proper allowance to be made for 
direction and speed of the ship and also of the target. 

The head is slightly different from the ordinary pattern, the leaf 
screw 18 protected from the front, and the leaf takes the form of two 
standards with а horizontal wire and а small pointer in the centro 
bolow. Тһе graduations run in front from zero in the centre to divi- 
sions representing 5 knots of speed to right and left up to 15 or 20 
knots, and behind is the usual deflection scale reading to 2? either 
way. 


8.8. SIGHTING. 


ы 
È 


CROSS MEAS OF TANGENT BIGHT Cup view 


END VIEW 


' The trunnion-sight is provided also with deflecting screw and 
graduations with reference to knots of speed as in the tangent sight; 
the leaf takes the form of а knife edge surmounted by а knob. 

A complete list of sights, fittings, and stores, as issued with each 
s gun, will be found іш а table which is given at the end of this 
chapter. 

e will now proceed to deecribe all the guns of this class, giving 
details of their construction, dimensions, and stores. The same order 
will be followed as in the case of K.M.L. guns, viz.: from the lighteet 
to the heaviest piece, for chronological order cannot be preserved, 
and it will be convenient to take them according to size. 
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Calibre, 3 inches. 


52 7 cut. Mark I. 
Ч ү 


(Plate I.) 


This gun is made entirely of steel, and consists of four parts, 
viz: ап A-tube, a jacket, a “С” hoop in front of the trunnions, and a 
hood (D). 

The barrel ceases at the breech end on a level with the face of the 
screw, which gears into the jacket, so that longitudinal strain is borne 
by the exterior metal. 

The jacket is shrunk on to the A-tube and locked in position by а 
small turn, which brings a ring of interrupted projections on the inner 
surface of the jacket іш front of a similar row of projections arranged 
round the A-tube. The hollow spaces are afterwards completely filled 
up by wedges driven in with a taper corresponding to the slots in the 

un. One wedge would be suflicient to key up the jacket, but by 

riving in wedges all round, continuity of metal is preserved for 
transmission of strain in a circumferential direction. А amall hoop (C) is 
shrunk on in front of the jacket to secure and cover the wedges, and 
this also carries the fore-sights. The faces of the trunnions are 
hollowed out. 

The hood (D) is merely a ring screwed on to the end of the jacket to 


- protect the breech-closing mechanism, and supply the means of attach- 


ment for the elevating gear. 

The breech fittings are of R.G.F. pattern. The breech-screw when 
withdrawn from the gun is supported on a ring-carrier, which is hinged 
on the right side of the gun. The lever handle with cam acts іш a 
fourfold capacity, viz.: (1) as lever for turning the screw; (2) as 
смора in the firing position; (3) аз а prise to start the movement 
in withdrawing the block; and (4) as a tell-tale to show when the 
breech is properly closed. 

The obturation is the De Bange. 

The chamber has a length of 11 inches, with a diameter of 3:625. 
Its capacity is 116°6 cubic inches. . 

The bore has a length of 28 calibres; the calibre being 3 inches. 

The rifling consists of twelve grooves of M.B. section, with a depth 
of "04 inch, and the twist increases from 1 in 120 cals. at the breech 
to 1 in 28 at a point 35:8 inches from the breech, the remainder having 
an uniíorm twist of 1 in 28. The lands constitute a stop for the pro- 
jectile in loading. 

The gun is vented radially in the forward position with a steel 
removable bush. 

Two sets of sights are provided, one on each side. The tangent 
bar (Mark Г) is а heart-shaped bur graduated on its rear face to 
5,000 yards, and with a degree scale on one of its-front faces. 
The bar is provided with a steel crosshead and sliding leaf, by 
means of which 1j degrees right or left deflection can be given. 
‘The leaf is provided with a notch for rough laying and an 
eye-hole for fine laying. The tangent bar is adjusted by meaus of 
a gun-metal mcveable clamp, attached to which is a slow-motion 
elevating nut, by means of which elevation up to 10 minutes can be 
given. Ор one side of the tangent bar а small notch is cut; and a 
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‘spring bolt is let into the metal of the sight socket, this bolt fits into 
the notch when the taugent bar is lowered in the gun in its travelling 
ition. 

P ho fore-sight consists of a gun-metal block, which slides in between 
two projections in the metal of the gun, and is held in position by a 
spring bolt. The upper part of the block is provided with an acorn 
point for rough laying, and a circular window, with cross wires on 
the inside of it, for fine laying. 


The preponderance of this gun may be found to vary, some of the 
first made having 40 lbs.; this in guns of more recent manufacture has 
been reduced to 10 lbs. by shifting the position of the trunnions and 
elevating eye. 


4-inch B.L. Guns. 


The manufacture of 25-pr. guns was commenced in 1881. There are 
two distinct natures, viz.: those of 13 and 22 cwt. The longer gun 
was designed first, but the Admiralty requested that а shorter and 
lighter gun might be made of the same calibre for boats and deck guus, 
so on their approval of the desigu for а 13-cwt. gun the manufacture 
was proceeded with at the same time. Тһе designation was after- 
wards changed from 25-pr. to 4-inch B.L. gun. 


4-inch В.Г. Сип. 18 cwt. Mark I (S.S.). 
(Plate II.) 


This gun is made of wrought-iron and steel, consisting of a steel 
A-tube supported at the breech end by a wrought-iron jacket, with & 
B-coil of the same material in front of the trunnions, 

Тһе chamber has a length of 8'3 inches, und diameter of 4-5. Its 
capacity is 128 cubic inches, It is oval in longitudinal section, being 


4-inch 13 cwt. 
5 4177. 
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CHAP. IV. contracted at the entrance to 4:12 inches so as to reduce the area for 
— pressure of gas on the breech-block. 
The bore of this gun is only 148 calibres in length, being specially 
designed for S.S. as mentioned above. 
The obturation is on the cup system with a copper ring in the 


E he breech-block is received.on а gun-metal carrier, which is hinged 
on the right side, and supplied with automatic spring catches to hold 
it securely in either the loading or loaded position. A retaining clip on 
the lever handle engages в catch on the gun when the breech is 
ише closed. 

hese guns are vented with a copper bush in a radial position 3:8 
inches from the face of the сир. They are the oniy guns in this class 
which are vented with a fixed copper bush. 

The rifling consists of eight grooves, М.В. section (05 of an inch deep, 
being just half the number which according to rule there should be in 
а gun of 4-inch calibre; but this number has proved quite sufficient 
with this gun. 

The twist increases from 1 turn in 116 calibres at the breech to 1 in 
35 + 87:92 inches from the breech, the remainder being uniform at 1 
in 85. 


SIGHTING. 


Scale, $. 


Angle of deflection 1° 40’. Distance between facos 30 inches. 
» » centres 29:787. 


These guns were originally provided with two rows of sights, but 
the left sights have been removed from some pieces to suit the carriage 
or mounting ; in this case central sights have been added instead. 

The tangent sights, which are graduated to 12 degrees, and 
read to divisions of 10 minutes each, have racks on the rear face, 
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‚ап they are worked by а pinion and clamp. The deflection leaf is 
worked by a screw, the scale being graduated to 2 degrees right and 
` left, and reading to divisions of 10 minutes each. 

The fore-sights are of the drop pattern with steel acorns ; they are 
attached to these guns by a bronze ring, secured by screws to the 
B-coil. 

When the left sights have been removed from the guns on account of 
method of mounting, and centre sights furnished instead, they are of 
gun-metal and hexagonal in shape, and on account of being necessarily 
shorter are only graduated to 5 за ; deflection scales are provided 
jn the same manner as with the side tangent bars, but a thumbscrew 
for clamping is provided with ihe sight socket instead of the movable 
clamp. 


4-inch B.L. Gun. 22 cwt, Mark I. 


(Plate П.) 


This was originally also designed as a 25-pr. gun, and its construct/on 
is exactly the same as that of the 4-inch of 13 cwt., which has just 
been described. It differs, however, greatly in length, the bore being 
25 calibres long. Like the previous gun also, it has the cup obturation. 

The chamber is cylindrical, the diameter being 5:3 inches; but there 
is a coned portion in front leading into the bore with an easy curve. 
Its length is 21:4 inches, aud capacity 461 cubic inches. 

The rifling consiste of 16 grooves, М.В. section, with а depth of 
*05 inch: the twist increases from 1 turn in 120 calibree at the breech 
to 1 in 85 at 38:5 inches from the breech, the remainder being uniform 
at 1 in 85. к — 

Тһе gun has а steel removable vent-bush in the radial position of tho 
form described, p. 279 (foot-note *). — 

ТаКе the rid a of 18 cwt., these guns were sighted at first with side 
sights, as shown іп the sketch; but the left sight has been removed in 


С. Н. sights. 


4inch 

22 cwt. 
Mark Г. 
8 4196. 


С.Н. sights. 


Vent-masking 
hood. 
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BIGHTING. 


Bcale, 4. 
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Angle of deflection 1? 807, Distance between faces of tangent and trunnion sights 37.’ 
„ „ сеп{гев ” ” 36:55.” 


some cases and central sights given instead: іп future they will all be 
sighted only on the top and right side. 
he tangent sights are square in section, and have racks on the rear 

face; they are worked by a pinion and movable clamp, and a fly-nut 
has been added to secure the sight at any elevation when required. 
The deflection leaves are worked by screws with milled Белдің, the 
scales being graduated to 2 degrees right and left, reading to 5 
minutes. 

These sights when provided are of the same pattern as those for the 
4-inch of 13 cwt. 

The ME x are of the drop pattern; they are acorn-shaped and 
of steel. 


4-inch B.L. Gun. 22 сиё. Mark П. 


(Plate III.) 


The Mark II is composed entirely of steel, und consists of the 
A-tube supported at the breech with three steel hoops in rear of the 
trunnions, and one hoop in front. It has aleo а hood. This gun is 
2 calibres longer in the bore than the Mark I, and a little smaller in 
diameter over the breech. Тһе length of bore is 27 calibres. 

The obturation is changed in this Mark from the cup system to the 
De Bange, and the length of the chamber is reduced to 18:5 inches, so 
that its capacity is only 417 cubic inches. Тһе pitch of the rifling also 
is changed, increasing toa maximum of 1 turn in 30 calibres. 

The gun is axially vented through the breech-screw and furnished 
with a slide and vent-masking hood: the slide is required to support 
the head of а vent-sealing tube, and the hood to prevent any one 
from attaching а lanyard until the breech 18 properly closed. Тһе 
action of each is automatic when working the gun. and a safety stop 
has been recently added to make sure that the slide is pushed over 
the tube after а miss-fire has occurred. This arrangement for safety 
consists іп а screw-stop attached to the gun by а chain; the stop 
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must be removed after a miss-fire, in order to change the tube in the 
gun, and it ought to be replaced before firing; its pendant position 
would be quite sufficient to catch the eye, and remind the gunners if 
it had not been replaced. The vent-sealing tube should always be 
inserted with pressure, so as to allow the slide to pass freely over 
the head, the vent, if necessary, being cleared with a rimer which is 
supplied for this purpose. 

The following; instructions have been issued for the care and preser- 
vation of guns which are fitted with De Bange obtaration, vent-slide, 
and masking arrangement. 

Before closing the breech care should be taken that the vent slide is 
in pops position, masking the vent; this should be more especially 
looked to when the vent-sealing tube is inserted while the breech-screw 
is out of the gun, for if the tube projects, then on closing the breech 
the inclined plane on the head of the lower fixing screw of the hood (of 
the gun) will force the slide over the vent, and in doing so it might 
bend the tube and thus possibly lead to a miss-fire. 

The breech fittings should not be kept on the gun, but taken off each 
day after practice, and occasionally, when not in use, to be thoroughly 
cleaned and well oiled. A special screw-driver is issued with these 
fittings. Before attempting removal the breech should be opened, and 
the carrier secured by its catch. 

To remove the handle, take out the two fixing screws that secure 
this piece to the block, and tapping it gently if necessary with a piece 
of wood, slide it down until free from its seat. 

To remove the obturator, the two keys which wedge up the slide box 
on either side must be taken out with the hook of the screw-driver ; 
there are holes for the purpose of drawing them out. The slide and 
slide box in two parts can next be removed, and the obturator is then 
free to be withdrawn from the front of the breech-screw. 

The cam lever for working the breech-screw is hinged by a bolt and 
keep-pin. 

The breech-screw is held in the carrier ring by a stop-bolt on the 
right side, and by the “ clip retaining carrier " on the left. To remove 
it from the gun the clip must be pressed upwards and the breech- 
screw pushed slightly forward, when the stop-bolt can be withdrawn ; 
then the breech-screw can be drawn from the carrier towards the 
rear. 

In all cases when the obturator is attached to the breech-screw, the 
withdrawal of the latter from the carrier should be done by two men, 
as care is required to гас й the clip perfectly clear of the breech-screw 
pote. drawing this back; if the block is dropped the pad may be 
injured. 

The carrier ring is attached to the breech of the gun by a hinge-bolt,. 
secured by a screw-stopor keep-pin. By taking out the pin or the stop, 
and giving a few taps to the bolt underneath with a piece of wood, it 
can be withdrawn from the gun upwards. 

The “ clip retaining carrier ” is held in a slot in the carrier ring by а 
fixing &crew, ог by а bolt with а keep-pin. If on opening the breech 
the carrier clings to the gun, owing to the clip not working correctly, 
the latter can be pushed back by a pricker inserted in a hole provided 
for the purpose on the left side of the breech. 

The “ latch retaining carrier” which holds the carrier when open is 
attached to the carrier ring by two fixing screws, or by bolts with 


keep pins. 

e De Bange obturator consists, as already explained, of the axial 
vent, — wad, and metal discs. Grease ог tallow mixed with 
sperm oil should be rubbed occasionally on the wad to keep it in good 
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CHAP. IV. order; the metal discs should be carefully handled to prevent their 
— being bruised : except when taken off for examination they should always 
be kept ou’ the vent in the gun, as there is a tendency in the pad to 
swell in an axial direction, which might cause difficulty in inserting the 

slide box when getting the gun ready for use. 
The foregoing instructions will apply also to the 12-pr. guns, but 
as these are radially vented the breech fittings are not so intricate 

as in the 4-inch and heavier guns. 


4-inch B.L. Сип. 22 сия. Mark IIT. 
(Plate III.) 


4-inch 22 сэ. Тһе Mark ПІ differs from the previous pattern only in construction 
Mark III. and firing arrangement. A solid steel jacket takes the place of the 
§ 4878. exterior rings, and this portion carries the trunnions, while it also receives 
the breech-screw ; there is a key ring in halves in front of the trunnions 
to link the jacket to the A-tube; this is covered by а small hoop, 
which gives nearly the same outline to the gun as the Mark II. 
Percussion These guns are axially vented, and they have been fitted with a 
lock. slide and percussion lock. The vent is not suited for the “М” or 
* V" pattern vent-sealing tubes, but is prepared to receive the 
shorter description, distinguished by the letter “Р,” which is either 
of electric or percussion pattern. The slide in this case is more 
simple than that which is used with vent-sealing tubes of “М” 
pattern; it works in the side box without any springs, while the 
action of closing the breech pushes it over the vent, and ensures 
that the slide shall be in proper position to support the head of the 
tube. When using a percussion tube it is struck by а hammer which 
can be cocked either by the thumb or by pulling a lanyard; the other 
end of the lanyard fires the piece by releasing a trigger: the blow 
is delivered by the force of a spring, and its intensity does not depend 
upon the pull of the cord. А safety stop is provided in case the 
hammer should slip when being cocked by the hand ; this consists of a 
small bar with projections, which intervene to prevent the hammer from 
hitting the striker. The firing lanyard must always be pulled with a 
steady arm, for # pulled with a jerk the safety bar might not be with- 
drawn sufficiently far to prevent its interposing again as in the case of 
an accidental fall of the hammer. "The cocking arrangement is very 
convenient with heavy guns, for it enables the gunner to “make ready ” 
without mounting upon the platform; and with any nature of piece 
(large or small) it is useful when firing at an object in motion, for the gun 
— not be made ready until the object is nearly іп line; then а pull 
with one hand will cock the hammer, and a pull with the other will fire 
the as the object crosses the sights. 

With electric vent-sealing tubes of “ P " pattern, the wires are led out 
from the side, во as not to impede the action of the slide, which supports 
the head of the tube in the usual manner: the percussion lock need 
not be removed from the gun when using these electric vent-sealing 


tubes. 
4-inch B.L. Gun. 26 cwt. Mark IV. 1 ^ 
(Plate Ш.) 
+inch p Differs from Mark III in construction and weight; the jacket is 


Mark ТУ. locked to the A-tube on the “interrupted projection” principle, as 
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described for the 12-рг., and the B-tube extends further down the CHAP. ГҮ. 
chase, necessitating a change in the position of the trunnions to — 
preserve the balance. The internal dimensions are the same as in 


Mark HL. ek de мА МА Urs 
о 
.5-тей B.L. Gun. 88 cwt. Mark T. С: р 
(Plate IV.) 


The first Mark of 5-inch calibre is similar in construction to the 4-inch „. у 
Mark II already described, from which it only differs in dimensions and Mark I. 
weight ; the breech-screw gears into the barrel, and the latter is rein- § 4733. 
forcéd over the seat of the charge with steel hoops anda steel trunnion 
ring. The details of which are common to both will be given with the 
5-inch Mark П. 

The rifling consists of 20 grooves of M.B. section, with a depth of 
“05 inch; the twist increases from 1 turn іп 120 calibres to 1 in 80 
at a point 51:9 inches from the breech, the remainder being uniform at 
1 in 30. 

These guns are fitted with the slide and vent-masking hood for use 
with vent-sealing tubes of * M ” pattern. 


5-inch В.Г. Gun. 38 сиё. Mark II EN 


(Plate 1V.) 


ç 

The Mark II differs from the previous gun in construction and firing 5-inch 
arrangement, resembling in both these respects the 4-inch Mark ПІ. Mark II. 
Тһе breech-screw gears into the jacket, which is linked to the barrel $ 4879. 
in front by a key ring in halves, over which а small hoop is shrunk to * 
cover and strengthen the joint. М = 

The percussion lock has been applied to this gun, and the twist of ~ 
the rifling has been increased to a maximum pitch of 1 turn in 25 |! 
calibres, 

Both Marks of 5 inches have De Bange obturation with axial vent, 
and the breech action is exactly the same аз оп 4-inch guns of corre- 7 
sponding descriptions. 

The chamber has a length of 19:3 inches, and diameter of 5°75. Из 27 
capacity is 510 cubic inches. | 


SF 


5-тећ В.Г. Gun. 40 cwt. Mark III. 
(Plate IV.) 


_Differs from the Mark II in the same way that the 4-inch Mark IV б-шеь 
differs from the Mark III, viz., in the extension of the B-tube, altered Mark ІП, 
method of locking jacket to A-tube, and shifting of trunnions, to suit 
altered conditions of weight. > \ | ком i 
1, Ay +Š AX | 4% Й К NL 2 
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6-тећ B.L. Gun. 81 сш!. (80-рг.) 
(Plate V.) 


Cinch 80 cwt These were the first B.L. guns of new type; they were all manufac— 
Пе ca tured at Elswick, and purchased by Her Majesty’s Government іп 1880. 
' The piece is built up of а barrel of steel, over which аге shrunk five 
coils of wrought iron in two layers, and a trunnion ring of forged iron, 
with steel hoops covering the chase. The breech-screw is brought into 
gear by a locking turn to the left; in ILG.F. guns this turn is made to 
the right for convenience of breech fittings and drill; the hinge, how- 
ever, is in all cases on the right side. 

The chamber is oval in section, of a maximum diameter of 7:5 inches, 
the entrance being 6:5, and this limits the size of the cartridge. Тһе 
capacity of the chamber is 1,185 cubic inches. 

О | The system of obturation is the Elswick сир and copper ring. Тһе 


cups are 6:7 inches in diameter, and a proportion of large size are issued 
for use when the 31 is expanded. Brass discs also are necessary to 


ck up the back of the cup if it should take a set to the curve of 


>.  breech-block. 
T The rifling consists of 28 shallow grooves of Elswick type, with lands 
Š of about the same width as the grooves. The twist increases from 
= 0 at the breech to 1 turn in 40 cals. аб 119 inches from the breech ; 
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the remainder being uniform at 1 in 40. 
- The gun is fitted with a percussion firing arrangement also of Elswick 
design, which consists of a needle-holder, fitting into the rear part of the 
~ ‚ breech-block and secured in position against the vent-bolt by means of , x 
v. ; ап interrupted screw-thread. А piper is placed in the front end of the `x. "t. | 
: ! holder, when removed from the gun, and the needle is kept back (but 
$ within striking distance) by means of a spiral spring. For mechanical 
in . firing а hammer is used which is attached to the breech-screw, and a 
safety slide with automatic action is fitted on the opposite side, to- 
prevent the hammer from striking the needle until the breech is properly 
\ closed; the needle-holder also must be correctly turned in position. For- 
‘/ electrical firing the needle must be removed and the wires can then 
5 \ Jed through the passage. 
А ' The gun is provided with three pus of sights. The tangent sights, 
" ` _A which are graduated to 13^, are of steel with aluminium strips in the 
А ^^ sides, having а cross-head of bronze which is fitted with а sliding leaf 
‘ for deflection capable of being traversed to the extent of 30 minutes | 
either way. Тһе strips are graduated with yards scales; these can be ` . (y 
changed with any variation of charge.* Тһе centre-hind-sight is а 
hexagonal bronze sight graduated to 42, and provided with а leaf for | 
deflection. Тһе hind-sights fit into sockets placed at an angle of 1°30’, 
forming part of the bronze frame which carries the breech mechanism, \ 
and secured to the gun by fixing screws. \ 


по УРА 


Тһе fore-sights are of the drop pattern with steel leaves of the hog- 
backed shape. | 
$ 4058. The whole of these guns are fitted for broadside sliding carriages- | / 
‘An elevating bracket is attached to the gun by five fixing screws, and 
it is provided with two steel pivots to afford the necessary attachment ў 
to the elevating arc. А few were also prepared with an elevating ring .' 
, on the chase, for mounting on Albini carriage. E 
А loading tube is used with this gun to prevent injury to the screw- 
threads while the shot is being pushed into the bore. Ай -— 


9 The strips һауе been added to these sights in the R.G.F. 


^ 
—— 
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6-inch BL. Хип. 89 cwt. Mark I. 
чирч 
\- (Plate V.) 


This piece differs from the 6-inch 80 cwt. gun in [the following 
points :— ° 
(a) Construction. 
(5) Powder-chamber. 
(с) Rifling. f 
(d) Breech fittings; and · 
(e) Firing arrangement ; 


сэр: = essential difference of firing projectiles of 100 instead of 80 
. weight. 

(a) The gun is built up of а thick barrel of tempered steel, over 
which is shrunk a wrought-iron jacket (composed of a coil and trunnion 
ring welded together). Steel hoops covering the chase, as shown in 
the Plate, have been added which brings the weight from 81 to 89 cwt. 

(5) The chamber is cylindrical at the breech end, 8 inches in diameter, 
decreasing in front with curved form to 6 inches at the commencement 
of the bore. Being fully open at the breech a short cartridge can be 
used, made up to the diameter of the chamber, which has a capacity in 
this case of 1,374 cubic inches. 

(c) The rifling is of the M.B. description with 24 grooves; the twist 
increases from one turn to 106:5 cals. at the breech to 1 in 35 at a pet 
61:75 inches from the breech ; the remainder being uniform 1 in 85. 

(8) The breech-screw has а diameter of 9 inches over the thread, and 
it locks to the right as in all R.G.F. guns. The breech fittings are 
entirely different from those on the earlier piece, and not interchange- 
able with corresponding parts of the 6-inch 81 cwt. gun. 

The action of the carrier, which is of bronze, is automatic, the breech 
screw compressing and releasing the lever and stop. The carrier 
revolves upon a hinge pin attached to the guu by the hinge-plate, and 
is held back by a catch when in the — position, and released 
again by pressing the button of the retaining р š 

The Elswick cup and copper ring were retained, but the cups are 8:25 
inches in diameter; a proportion of “large ” size are issued in case the 
ring should become permanently expanded. Brass discs are also 
supplied for packing up the back of the cup when required. 

A loading tray is supplied (not a tube) to protect the screw-threads, 
and to raise the projectile to the level of the bore while being rammed 
home through the chamber. 

А wrench in two parts is used to take the breech mechanism apart, 
aud to affix the elevating bracket. 

(e) The vent passes through the spindle which secures the obturating 
cup to the face of the breech-screw. A removable tube holder is attached 
to the rear end of 'the spindle by an interrupted screw-joint, and this is 
adapted for “У” pattern vent-sealing tubes either of electric ог! 
frictional nature. The tube holder of latest design is fitted with an 
extractor; a guide-block and groove ensure that it shall be put on the 
spindle correctly and turned round to the locking position; and thore is 
an arrangement in the tubo holder itself for preventing attachment of 
the lanyard until the tube holder, as well as the breech-screw, is in the 
proper position for firing. 

The guns supplied to H.M.S. “ Heroine” and “ Satellite ” have been 
altered to percussion lock, and are known as 6-inch Mark II, P. It is 
— that the whole of these guns will be so altered. 

с.о.) u 


6-inch 
Mark П, 
§ 4065. 
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The percussion luck іш this instance is pressed into the firing position 
by the act of lowering the cam lever, as in the case of the 
** Impérieuse " mechanism described in Appendix. . 

The gun is side and centre-sighted. "The hind-sights are raised by 
rack and pinion motion, and they are also furnished with clamps. The 
centre hind-sight is & short hexagonal bar of gun-metal ; the side-sights 
are long bars of steel with rack. Тһе deflection leaf is the same in 


` each case, and worked by а screw. Тһе angle of correction for drift is 


1? 20'. 
The fore-sights are acorn shaped; they are of the “drop” pattern 
and fit into gun-metal sockets, which in the case of the side-sights are 


‘set in brackets screwed on to the side of the gun. 


6-inch B.L. Gun. 5 tons. Mark III. 
(Plate V.) 


The 6-inch Mark TII differs as much from the 6-inch Mark II as the 
latter does from the previous pattern, and since its first issue a further 
alteration has taken place, which affects its construction and weight. 
The points of difference are— 


8 Material. 
(6) Construction. 
(c) Dimensions and weight. 
(4) Obturation. 
(e) Firing arrangement, and 
(/) Ballistic results. 
` The gun is made entirely of tough steel, all the portions of which 
must comply with the same specification before acceptance or use, and 
all in manufacture aro treated and tempered alike. 

The barrel or A-tube is much thinner than in the preceding pattern, 
and it ends at the breech on a level with the face of the screw. А 
breech-piece is introduced to take the longitudinal stress, and the 
breech-screw gears into the breech-piece. А B-hoop is shrunk over 
the chase in continuation of the breech-piece, and as first designed 
and issued these were linked together by a key-ring in balves. Тһе 
trunnion ring was next shrunk on with a hook joint, and a small hoop 
in front covered the key-ring ; by this arrangement longitudinal stress 
is transmitted from the breech-piece to the trunnions, and any move- 
ment of the A-tube is prevented. 

Three hoops in rear of the trunnions complete the essential part of 
the gun, but a hood is attached to the extremity of the breech and 
secured by fixing screws, to protect the lever and fittings. "These are 
of R.G.F. pattern. 

The alteration which has been decided upon consists in replacing the 
key-ring by a trunnion-ring which locks the breech-piece and 1 B-hoop 
together by “interrupted projections,” the chase is hooped to the 
muzzle, and the 1 C-hoop somewhat extended. This brings the weight 
(which was originally 89 cwt.), to 5 tons. 

The total EM in this Mark is increased to 170:7 inches, but owing 
to an increased length occupied by the breech-closing arrungemení 
there is not the corresponding increase in length of bore. Chamber 
capacity, 1,364 cubic inches. 

N The obturation is the De Bange, and the firing arrangement the slide 
with * Percussion Lock." 

The strength of the Mark III is much greater than that of either the 
G-inch (80-pr. or Mark 11, which allows of a larger charge being 


`w. 


“. 
Ж. 
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used; the muzzle energy is increased by nearly one-fourth, as may be 
seen om the table of ballistics at the end of this chapter; while the 
—— of wrought-iron armour at 1,000 yards for the three 
arks of gun may be approximately stated at 8$, 9, and 10 inches 
respectively. 
А 


6-inch В.Г, Gun. 5 tons. Mark IV. ` `` 
(Plate VI.) 


This mark of 6-inch gun has been approved for future manufacture. 
It assimilates in construction to the latest marks of the natures already 
described, having а jacket and trunnions іп one piece locked to the 
under layer by the “interrupted projection” method. There is an 
extra layer of metal, however, in four pieces, viz.: breech-piece, B-tube, 
and “1B” and * 2 B" hoops; the jacket locks the breech-piece and 
ч M dm " together, and а short hoop (1 С) covers and secures the 
wedges. 

The length of the bore is brought up to 26 calibres, but the powder 
chamber and breech fittings remain as in Mark IIT. 


6-inch В.Г, Gun. 5 tons. Mark V. 
5 (Plate VI.) 


_A certain number of these have been purchased from the 
Elswick Ordnance Company ам are of that firm’s design and manu- 
facture. Some minor alterations have been made in the breech fittings 
in the R.G.F. 

The construction is entirely of steel (except the breech fittings) and 
contains three layers of metal. The barrel is in one piece and the 
breech-screw gears into the breech-piece, which butts against the 
A-tube and continues in one length to the trunnion-ring, to which it is 
tied longitudinally by а shoulder. Beyond the breech-piece іп the 2nd 
layer are 4 hoops which extend to the muzzle. Тһе first of these 
(corresponding to the 1 B-hoop in R.G.F. designs) is attached to the 
A-tube longitudinally by yellow metal run into в groove in front. 

In the third layer а jacket extends in one length over the breech- 
iece, the rear end butting against shoulders, but the front free except 
or shrinking grip. Тһе trunnion-ring ties the breech-piece and 1 
B-hoop together by shoulders and yellow metal, and a hoop in front 

covers the 1 B-hoop. 

The gon is of considerable length, having a bore of 30-6 calibres. 

. À bronze frame, attached to the breech by fixing screws, carries the 

breech mechanism, which is similar to that of the 80-pr., but the 
firin ен has been altered to the percussion lock, similar to 
the Mark III gun. 

The obturation is the E.0.C. cup. 

The rifling is of E.0.C. section with twist increasing from 0 to 1 in 
30 to near the muzzle. 


S-inch B.L. Gun. Marke 1$ HI \ 


The 8-inch were the earliest guns of large size manufactured entirely 
of steel. 
Only two guns of this mark have been made, which are now used for 
the proof of powder. f 
v2 
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The Mark II of this nature is merely a longer gun than the earlier 
pattern ; it was designed at the same time, and as in the case of Mark I 
only two have been made, which are also used for the proof of gun- 
powder. The difference in length is 4 calibres or 82 inches, and this 
a‘lds about 70 f.s. velocity to the shot at the muzzle. 


8-inch B.L. Gun. 14 tons. Mark ІП. 
(Plate VIL) 


Considerable changes in design have taken place since the first issue 
of this nature, and it has been decided to carry out certain alterations 
in these earlier Marks. 

The Mark III, as first issued, was similar to the 6-inch Mark ІП 
(ulready described), and the change to be made is identical with that 
to be carried out in the 6-inch. At the same time a bronze sheath, 
formerly used as a counterweight and extended to protect the breech 
mechanism, will disappear, while the powder chamber will be 
lengthened to take the larger charge of Brown powder used in the 
Marks У and VI. The weight is changed from 12 to 14 tons. The 
Plate shows the gun as altered. 

The firing arrangement is the percussion lock, similar to the 6-inch 
Ш. Thé carrier is an open one, similar to the 6-inch II, except that 
the spring catch for retaining the carrier open is attached to the carrier 
and not to the gun. 

"< way a of chamber 3,350 cubic inches. The alterations in powder 
chamber and charge will somewhat modify the ballistics shown in 
Tables ХІУ and ХХХУ. 

The obturation of all the 8-inch is the De Bang» A 

. \ 


, 
f 


8-inch В.Г. бил. 15 tons. Mar IV ` ~ 
(Plate VII.) Ё 


The Mark ТУ is а reproduction of the Mark II or long gun on the newer 
style of construction. The dimensions correspond with those of Mark II ; 
the construction corresponds with the latest arrangement of Mark III. 
There is a further increase of weight, and the trunnions are placed a 
little more forward. 

These guns also are fitted with the percussion lock, and the sights 
and fittings for the Marks III and IV are interchangeable. 


8-inch B.L. Gun. 18 tons. Mark У. 
» 3 14 tons. Mark УГ. 


(Plate ҮШ.) 


` These guns have been designed and approved for future manufacture. 
They are of the same general dimensions as the Marks III and IV, but 
differ from them in all details of manufacture. 

They are constructed entirely of steel and consist of the following 
parts :—An A-tube with “liner” and a-tube; а breech-piece and 
B-tube; а jacket, trunnion-ring, and C-hoop. 

The “liner” is a tube inserted in the A-tube with a close mechanical 
fit without shrinkage, and extending about two-thirds of the length of 
the bore from the breech end, covers the portion where scoring takes 
place. It bears against shoulders in the A-tube, and is kept in its 
place by a screw collar in rear. 


The a-tube is attached to the A-tube by the latter being shrunk on 
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to it 

It also butts against shoulders in the A-tube and is secured 
from forward movement by a screw collar in front. 
` Allliners and a-tubes are secured on the above principles; on referring 
to them therefore in the higher natures by name only, their respective 
peculiarities will be understood. It will be found that where an 
a-tube exists the chase is not hooped iis entire length. 

The method of uniting the parts together to give longitudinal 
strength, and to distribute the thrusts of the powder gas on the breech 
block, and of the projectile. on the A-tube, as it is forced along the 
rifling, may also be discussed somewhat at length in these guns, as 
representing the principles of other designs. | 

The layer next outside the A-tube consists of the breech-piece and 
B-tube. The former takes the breech block and transfers the thrust, 
causing recoil to the trunnion-ring, by this locking on to it from the 
front, on the interrupted projection principle. The breech-piece itself 
is strengthened longitudinally by the jacket (which is shrunk over it) 
binding it together lengthways by ordinary shoulders in rear, and 
interrupted projections in front. The tendency to forward motion of 
the A-tube is checked by the B-tube, which butts against shoulders 
(or steps) cut on the A-tube, and is in its turn bound to the trunnion 
ring behind it by interrupted projections. ‘The C-hoop serves the 
usual purpose of covering the wedges of the last-named joint. 

The length of bore in the Mark V gun is 256 calibres, and 29:6 
calibres in the Mark VI gun. Тһе dimensions and capacities of the 
two powder chambers are the same, viz., 9,350 cubic inches. 

The twist of rifling increases from 1 in 120 to 1 in 35 in a length of 
99-7 inches, the remainder uniform. 


8-inch В.Г, Gun. 19 tons. Mark VII. 
(Plate IX.) 


These are E.O.C. guns, similar in most respects to the 80-pr. A certain 
number were purchased for Hong Kong, and sent there as received 
from Elswick. Ап alteration in siga has since been determined on 
for this Mark, the chase being hooped with steel as shown in the 


Plate. 
9-2-тей В.Г, Guns. 


An experimental gun of this calibre and weight was one of the first B.L. 
guns manufactured іп the Royal Gun Factory. This was built up of 
wrought iron and steel after the fashion of muzzle-loading guns, the 
barrel being covered with wrought iron completely from the breech 
to the muzzle. It was fitted with the Elswick cup obturation. ‘The 
chamber was oval in longitudinal section at first, and amongst other 
experiments carried out with this gun one was the trial of a larger 
breech-screw with the view of adopting cylindrical chambers. This 
was also the first heavy gun in which the De Bange obturation was 
tried, and which proved such a thorough success. The system of con- 
struction, however, had passed through more than one change before 
guns of this calibre were manufactured for service. 

92-inch B.L. Guns 22 tons. Mark I. 
* — 21 tons. Mark 12? 


The Mark I was designed in 1881 for naval service, and its dis- 
tinctive feature perhaps was the first introductiou of steel coils, as 
already described for the 8-inch. The gun is built up of a steel 


9 Mark II differs from Mark I in the position of the trunnions only, it being 
originally a longer gun, but now made tho same in length as Mark I. 
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barrel, two steel coils in the centro of different qualities of metal, 
and steel hoops extending to the muzzle, a breech-piece and C-coil 
of wrought iron, and a wrought iron jacket. The steel coils were 
prepared in exactly the same manner as coils of wrought iron, only 
with much greater care, and they were tempered in oil before use; 
the higher quality of steel was placed immediately in front of the 
chamber, and mild steel over the chase, A bronze sheath has been 
laced on the breech for the same reason as in the 8-incb, but without 
ood, and a liner has since been added. 

The gun has De Bange obturation. 

The chamber is enlarged to a diameter of 11 inches, and the length 
measured from the face of the téte mobile to the base of the shot is 
44 inches. Its capacity is 4,300 cubic inches, and the form is cylindrical 
at the breech end. Length of bore 254 calibres. 

The rifling consists of 87 grooves of М.В. section, with a twist 
which increases from 1 in 118:5 calibres at the commencement to 1 in 35 
in a length of 106-6 inches; the remainder being uniform at that pitch. 

The vent is axial, and fitted for percussion and electric firing. 

A Stanhope lever is added to facilitate the work of opening and 
closing the breech when performed by hand labour. 


9:2-inch В.Г. Gun. 24 tons. Mark III. 


The Mark IIl resembles the previous pattern im very little besides 
the calibre. 

It is built up entirely of steel, cast, forged, and tempered iu oil. 
The A-tube ends opposite the face of the breech-screw, which gears 
into the breech-piece, in front of which a B-tube is shrunk on and 
the chase is entirely covered by short hoops. The 4hird layer consists 
of a jacket, trunnion-ring-which locks breech-piece and B-tube together, 
and & C-hoop eia p oa wedges. 

Only four gr of this nature have been constructed (for the arma- 
ment of H.M.S. “Impérieuse”) and have a breech counterweight, 
entailed by the particular mounting; the first eighteen guns for L.S. 
(ak IV) will be similarly constructed, but without the counter- 
weight. 

The length is 810 inches, while the diameter over the breech is 87:5 
inches without the sheath. The weight becomes 24 tons. 

The diameter of the chamber із 12 inches, and its length is 49:9 
inches, and the capacity is 5,000 cubic inches; the total length of the 
bore із 31:5 calibres. "Twist of rifling, 1 in 120 to 1 in 80. 

А bronze frame is attached to the breech to carry the breech fittin 
the S.S. guns having “controlled carriers.” These guns are fitted with 
а percussion and electric safety firing А 

The power of this gun far exceeds that of the Marks I and II (see 
Table of Ballistics at the end of this chapter. . > = ~ --.-* 


‚ 9-2-тей В.І. Gun. 28 tons. Mark IV. 
(Plate X.) 


Guns of this Mark, of which eighteen only have been ordered, have 
been specially designed for the defence of coaling stations in the 
colonies. š 

They are of steel and consist of ап A-tube fitted with a “liner” (but 
no a-tube) which extends for about 10°5 calibres from the base of 
the projectile; a breech-piece, B-tube, and five hoops extending to the 
muzzle; also a jacket and trunnion-ring, the latter being locked and 
wedged over the breech-piece and B-tube and uniting them. А C-hoop 
is shrunk on in front of the trunnion-ring. | 
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The bore has а length of 31:5 calibres. The total length of the gun CHAP.IV. , 
is 25 feet 10 inches. — 
The breech fittings are carried by a bronze frame secured by fixing 
screws, the carrier being uncontrolled. The gun is fired ћу the 
ordinary percussion lock. | 


— ——— 


\ 92-inch В.Г. Gun. 22 ‘tons. \ Mark ` <“. 
— (Plate X. ^ ' 


This Mark of gun has been approved for future manufacture, both 92-inch, 
for naval and land services. In general construction and dimensions, У. 
it resembles the Mark IV of the same nature with the following 
exceptions :—the chase is not supported the whole of its length, having* 

only a “1 B" tube rather longer than the corresponding one іп the \ 

Mark IV; this alters the centre of gravity, and the trunnions are 8-5 \ 
inches nearer the breech in consequence. The “liner” is carried further | 
towards the muzzle and continued in an a-tube, as in the 8-inch J 
Marks V and VI. There is a bronze frame for the attachment of the | 
breech fittings, and the special mechanism for withdrawing and push- 

ing home the breech-block—termed “ controlled carrier." % 


10-inch В.Г. Gun. 82 tons. Mark I.* 4 % 


Guns of this weight were originally intended for a ње of 10°4 — \ 

inches; ап experimental piece was manufactured in 1880 weighing 26 5 шааж 

tons, and shortly afterwards two muzzle-loading guns of about the same 

dimensions aud weight were made for comparison of ballistic effects. 

The latter proved to be inferior in power, and а number of the breech- 

loading guns was consequently ordered forservice. Their manufacture, 

however, was delayed while progress was being pushed on with 9:2 and 

heavier B.L. guns. During this time various modes of construction 

were adopted in rapid succession, while the question of ‘suitable 

diameter for projectiles of specified weight, ie., the best value to be / 


n 
Р, 


given to the ratio of 29 was also undergoing discussion. Іп the — — 
(0 


10-inch calibre was approved for guns of this weight, aud the system ^ 
of construction in force when their manufacture commenced was that / с Ч К 
just described for the 92-іпсһ Mark ПТ. E 
It consists of an A-tube, a breech-piece (which receives the breech- 
screw), а B-tube and а number of hoops in continuation to the muzzle ; 
while the third layer comprises a jacket, trunnion-ring, and small hoop, 
which are shrunk on with locking arrangement and wedged in position. 
A bronze frame is also attached to the ond of the breech to receive the 
fittings, with controlled carrier, 
The total length is 284 feet, and the length of bore is 82 calibres. 
The chamber has a diameter of 14 inches, with a lengthrof 54; its 
capacity is 8,370 cubic inches. 
Тһе obturation is the De Bange, and the firing arrangement will be 
the slide with percussion lock. 
The rifling consists of 40 grooves “06 deep, with a twist increasing 
from 1 turn in 120 calibres to 1 turn in 30. 7 


10-inch B.L. Gun. 99 tons. Mark Il. 
(Plate ХІ) 


Has the same internal dimensions as Mark I. It resembles in 10-inch, | 
general construction the 9-2-inch Mark V, with the addition of а hoop M: П. / 


у 
* Guns of this nature are being manufactured at Elswick. : 
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CHAP. ГУ. over the breech marked *1 D." Тһе term “ jacket ” is here abandoned 


12-inch, 


Mark III. 


$ 4925. 


and the hoop corresponding to it marked “1 C," and the “1 C" of 
lighter natures re-lettered “2 С.” | 
The breech action will be the same as for Mark I. 


12-inch В.Г. Gun. 47 tons, Marks I and II. 
(Plate XII.) 


This gun is composed of wrought iron and steel, and in construction 
is similar to the 9:2-inch Mark I, which was designed about the same 
time. 

It consists of a steel barrel with two coils and five hoops of steel, 
which constitute a layer of this material over the forward part of the core. 
The breech-piece is made of wrought iron, and so is the C-coil, which 
forms in continuation of the breech-piece a third layer of metal in the 
centre, and covers the joint between the 1 B and 2 B-coils. A wrought 
iron jacket, or D-coil, covers the breech-piece and a portion of the C-coil, 
and behind this is a gun-metal frame to which the breech fittings, viz., 
a ring carrier, and a ratchet lever for actuating breech-screw (vide 

. 277), are attached. Тһе trunnion-riog, of steel, is shrunk and locked 
y interrupted projections on to the front end of the D-coil, and in 
front of this to further take the thrust is a ring in segments, dropped 
into an annular groove in the C-coil, and covered by a thick steel collar. 

These guns are fitted with liners, and differ somewhat in internal 
dimensions from the other Marks of this nature. Тһе total length of 
bore is 301:75 inches; the length of chamber is 56:5 inches, and dia- 
meter 14:75 inches, but the capacity is the same as in the other Marks, 
viz.: 9,666 cubic inches. 


Mark II was exactly the same as Mark I, except in being а 


trunnionless pe Eleven of them were made, which have now been 
converted to L.S., fitted with trunnions, and re-numbered Mark I. 


12-inch В.Г. Gun. 44 tons. Mark ТИ. 


The Mark III is a S.S. trunnionless gun built up entirely of steel. 


It differs from the Mark I in construction, but not much in general 


ensions. 

In trunnionless guns, three “ thrust-collars” are formed on the 
exterior in lieu of trunnions. These extend half way round on the 
lower side of the gun beneath the centre of gravity, and are made to 
seat into ves in the carriage, to transfer both recoil and twisting 
strain. Two shallow bands are made nearer the breech to take the 
connections for guide blocks, 

There is no gun-metal plate on these guns, for in the S.S. the 
breech-llock (of the heavier natures) is manipulated entirely by 
hydraulic arrangements independent of the gun. 

The guns of this pattern are being manufactured at Elswick, where 
the design was prepared as a modification of the R.G.F. designs. 

The steel barrel ends on a level with the face of the screw. A breech- 
piece (which takes the breech-screw) is shrunk over the tube, and 
yellow metal is run into grooves near the front to assist in securing it 


Ж * — — 


to the A-tube. The gun is built up with a large number of hoops of . 


forged steel to the same thickness of metal as the Mark 1, the hoops 
extending to the muzzle, each being shrunk on in succession and 
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having suitable shoulders to prevent апу movement of the several parts 
of the gun. 

The internal dimensions and ballistic powers are the same as in the 
Marks IV or V. 


12-inch B.L. Gun. 45 tons Mark IV. ` 


The Mark IV is a trannionless gun of R.G.F. design, made entirely 
of steel for S.S.: only four are being made, which are intended for the 
armament of H.M.S. “ Edinburgh.” 

It is built up of a larger number of hoops than is now employed in 
the Mark V, which is simpler; there are 16 pieces in all. Die the 
A-tube is shrunk the breech-piece and 6 hoops in continuation 10 the 
muzzle. The breech-piece (which takes the brcech-screw) is tied to the 
1 B-hoop by interrupted рее че and the thrust-collar ring butts 
against shoulders on both of these. There are two layers, of two 
and three hoops each, over the breech-pieces, which are locked together 
longitudinally by interrapted projections. Two hoops in front of the 
thrust-collars —— the design. 

The breech mechanism is worked by hydraulic gear attached to the 
carriage as with the Mark III gun. 
` In the five Marks of 12-inch guns, the total length is 27 feet 
inches, but the length of bore is 801:75 inches in Marks 1 and 1I, an 
808 in the others. 

The chamber in Marks III, IV, and V, has a diameter of 16 inches, 
with a length of 48, and its capacity is 9,666 cubic inches. 

The rifliug consists of 48 grooves, 05 deep, with a twist which 
increases from 1 turn іп 120 calibres to 1 т 35 in a length of 124-525 
inches, the remainder being uniform at 1 in 85. 


12-inch B.L. Gun. 45 tons. Mark У. 
(Plate XIII.) 


Will be a trunnionless gun for S.S. like Mark IV, which it is intended 
io supersede. Тһе internal dimensions are the same, and the outline 
practically so. The construction, however, differs in the introduction of 
а liner and a-tube in the A-tube, which is consequently not hooped the 
whole length of the chase, and the short hoops over the breech in 
Mark IV are replaced by hoops in one length. 

Two of these guns are in course of manufacture for H.M.S. * Hero,” 


18:5-inch В.Г. Gun. 69 tons. Mark 1. О 


Is made entirely of steel; being a 5.5. gun it has по trunnions, but 
—— rings are үне іп а similar way to those on the 12-inch 

arks III, 1V, and V. 
` Аз regards construction it has the following features:—Thero is a 
liner partly up the bore, but no a-tube. The chase is ee йн its entire 
length. There are four layers of metal, the outer of which consists of 
cse hoops over the breech, two of them being locked to the portions 
underneath. 


12-inch, 
Mark V. 


13:5-inch, 
Mark I. 
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АР. | 19:5-inch B.L. Gun. 67 tons. Mark i! 
(Plate XIV.) 
13°5-inch, 


This Mark, of R.G.F. design “also, has been approved for future 
manufacture to replace Mark [. In general construction it resembles 
the 12-inch Mark V. 

The general dimensions are the same as the Mark I, but it differs in 
having an a-tube shrunk into the A-tube in continuation of the liner 
towards the muzzle, The whole of the chase is not hooped, and the 


Mark II. 


hoops over the breech are reduced in number. j / Qv 


~ а V stipes VN, TORIS. яа УУ“ 1-9 
:16:25-inch В.Г. Gun. 111 tons. Mark A Му % 


(Plate ХУ.) 


16:25-inch, Guns of this nature are being manufactured at Elswick on designs 

Mark I. which have been submitted by the Elswick Ordnance Company. 

8 They consist of 42 parts, viz.: а barrel; а breech-piece and 15 oe 
in the second layer of metal; 11 hoops in the third; 8 in the fourth ; 
and 6 in the fifth, extending from the breech to the ribbed belt in the 
middle, which takes the place of a trannion ring as these guns are 
being made for S.S. End-strength is provided by shoulders in the 
construction, and movement of the barrel is prevented by shrinkage, 
which in a very long gun can hardly be relaxed over the whole length 
at the same time; but shrinkage is assisted іп this respect by a ring 

“хоё yellow metal which із run into grooves near the front of Ње breech- 
iece, and which is said to have the property of expanding as it cools. 
he same device is repeated near the front of the belt to prevent any 

dislocation on firing. 

The total length is 43 feet 8 inches, and the length of bore 80 calibres. 
“Тһе chamber has a diameter of 21:125 inches and a length of 834. 
Its capacity is 29,000 cubic inches. 

The estimated power of this gun is given in the Table of Ballistics. 
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 82-pr. Smooth-bore B.L. Gun, 42 cwt. © 


38-рг. Е.В. There is one B.L. gun which, although it does not belong to the 
class of ordnance discussed in this chapter, can be most conveniently 
mentioned here, viz., the 32-pr. smooth-bore B.L. gun. 

B.L. gun. This is a conversion from the S.B. cast-iron gun of 42 cwt., with the 

3 object of obtaining а convenient piece for firing case shot in the flanks 
—J approaches of permanent works. 

‘The cascable is completely cut off behind the base ring, and the bore 
is carried through to the breech. The gun is then prepared for a 
breech-screw on the interrupted-screw plan. The obturation is the 
Elswick cup and copper ring; this was adopted at first and it has not 
been thought worth while to change it since only light charges are 
fired from this gun. 

A slightly enlarged chamber is formed by boring out the metal in 
front of the obturating cup to a distance of 4:1 inches; the shoulder so 
made becomes a stop for the case-shot in loading. 

The gun is radially vented with a copper bush. 

These pe will generally be fired “point-blank,” the effect being 
sufficiently great up to 50€ yards without any elevation. They are 
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therefore provided with a fore-sight only, which is similar to the 
— оп а Е.В. cast-iron gun, and the line in laying is taken 
through a groove cut on the breech. 

This nature of piece can be fired with very great ease and rapidity, 

giving little recoil, so that it is specially suited for use behind mantlets 
or ports of small size, the detachment being thus kept under cover. 
- - The few stores required are similar to those which are used with the 
4-inch B.L. gm of 13 cwt.; it is therefore convenient to place them іп 
the same table, which will be found at the end of the chapter. (See 
Table ХХХҮ, p. 306.) 
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Nature of Gun. 


ы sight ... 


4-Inch, 13 ewt, 
Tangent sight ... 
4-inch, 22 —— Mark I. 


Tangent sight 
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Tangentsight .. 
sun н 
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Tangent sight ... ve 
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Tangent sight .. 
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Centre-hind-sight — ... 
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8-inch, Mark ІУ, 
Tan po ase s 
9-2 inch, Mark I. 
Tangent sight ... 
92-inch, Mark If. 
Tangent sight s "T 
= Marks ИТ snd 
Tangent sight ... 
10-inch. 
Tangent sight . 
12-inch, Marks land UL 
Tangent sight .. 
2inch, Marks її, TY, 
and V. 
13'5-inch. 
16:25-inch, 


.. 


5 |: 
||| 
== | 8 
ЫЕ 


u 


1:30 


| These} guns 


“ 


B.L. GUNS. 


TABLE XXXIII. 


т по: be 


ков B.L. Guys. 


Graduations. 


š 
5 
5 Remarks. 
За š 
= 2 = 
a |8 
ТЕТЕ. 

130! — | Three-sided 
29 14,117 | Square bar, 
2-0 | 4,106 | Ditto, 
20 | — | Ditto. 
240 - Ditto, 
1°30 | 4, 1094 Rectangular, with 
— brass ври. _ 
2:0 |4,065 | Square bar, 
2*0 | 4,065 | 
2*0 — Three-sided, 
2% -- Ditto. 
2*0 — Ditto. 
2:0 -— | Ditto. 
—|-—I! Ditto, 
-- — Duto. 
— -- | Ditto, 
2:0 — Ditto. 

sigh ted, | ав the|y will be moum ted in turrets, 

| | 
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SHOWING THE SIGHTS, STORES, AND FuTTINGS ISSUED WITH 
B.L. Guss. 
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TABLE ' 
SHOWING THE Sicuts, Stores, AND FITTINGS 
Nature. 
| 


Description of Stores. 


У 


Bands, elevating (miih i two pivots), гс. ыг 1-1-1-1-11 | 11114114 
а (wi th keep-pin) “© = =ë omi и | — T - ве ын 3 
Bolts кер (Көдек өсіне = 85 = 45 111 1 1] «-“ і--! 1 11-14 
Цэ (with nut, spring, anà washer) m : = | Л — — 11-1-1-1- 3 
in two реги, two springs : - == | аша. је | хав | = 1 
Palas [in ivo ї dope aig ов, ant - | 1 | 1| | = 1111 117 
—— (387 e Жай 5 |—|—| =] 1| 1| 1] £ | а а 
етапа right | | ЖЕ. Mid oss де Бал аз безі Башы Г 
retainin r (open with two 
Brackets re дей реп), =at Їзэй ний еді Ше pm ome эж 1|—|—]|-—1| 1/90 
fore sight . 3 - 21-1)-1-1-1-1-1-1-15- 21-1-1-11 
ем 5. — - > ТИГ ЭЛЭГ” m = -|- = š 
aa ая 
sight, 5 ove .. ove = |-|- | Б Бы -1|1-1-12|21-16 
Clamps | automatic --|--і|--|-!1--|--!--!--|-- I—!— | — | | 6 
tangent sight о ль elevating nut, screw | | | 
NE and keep-pin) 4“ 21-1-12-1-1-1-1- 2 1-1-1-1111 
Clip, head, axial — Че 11-1-1-1-1-1-1-4-1-1-1-1- 8 
———— 2 yz 1 11:1:1:1:1: З|:|:15134|8 
Cups, obtarating ши т 7 : »|-|2!2—|-|-|-|-| 313|-1-1411 
(cup(brass) .., + e. 0€ oe me 8 | 3|-|--|-|-|-!| з | 3|— = 3 3 
| bolt, vent (brass) . - | — | =— ||| | f 6 |= | = ; — 2 
Discs ea Эс s | Ж ш 2| 2| 2| 2| 2| — |—|2 - 
rot nt an 
TY M. y wi а ааа а ав 
Fjector, ——Ü — 54 + = 9| — | -!-- Ч - | > spem] = = зэх! a 4 
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ын Банш 35 s= > == зі Т - ШІ ЕТ 
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Molders 4 „уђе / electrical... ке = ий 555555 ам Ган | 11-1-1-1-13 
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ve % 44 om е. Е СЕ — — ны 
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іп, and two ng em upper} — | 1 | -1-1- | -1-1-1-1-1-1-1-14 
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Mimers, уван СОСТ = е ме үн ЕІЗІТІЗІ 2 
carrier ... 5 нии ad 2] — J—] a] 2]—|9 
мша... e о “a рер, Оа w sa 1/0 
сеп! 
ings right pe 4 | тэртээ “mal amos ‘ea ‘od m === [3 
|“ ht 
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ISSUED WITH B.L. Guns. 
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—continued. 
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PART IV. 


CHAPTER I. 


EXAMINATION OF ORDNANCE. 


General regulations.— Provisional and final condemnation.— Periods for examination. 
—Ordnance on artillery charge at home and abroad.—Guns in charge of the 
Royal Navy.—Reventing stations.—Inspections st sea.—Ordnance used by the 
Royal Marine Artillery, Naval Reserve, &c.—Impressions before and after 
reventing.—Inquiry after accident.— Memorandum of examination.—Nature of 
periodical inspections.— Examination of vents.—Limite of through gauge.» 
Erosion in the bore.—Limits of wear for reventing with cone or through bush.— 
Fissures and cracks.—Removable vents.—Examination of bore.—Preparation of 
the gun.—Use of potash.—Lamp and searchers.—Instuments for taking gutta- 
percha impressions.—Extemporary arrangements.—Mothod of preparing the 


gutta-perchs.— Whole length impressions of the bore.—Rules for indicating the 


position of defects.—Labels.—-Description of defects which may be found ins 
gun and their relative importance.—Further firing before sentence.—Examination 
of B.L. fittings.—6-inch 80-pr. gun.—Removal of the cup.—6-inch Mark II.— 
B.L, guns generally.—H.B.L. guns.—Exterior of ordnance.—Importance of 
general knowledge to all officers using the guns. 


Tuz following regulations have been issued from time to time on the 
subject of examination of ordnance. 

Great experience is required before an examiner is competent to 
judge of the various defects and conditions of all the different natures 
of ordnance used in the service; final condemnation therefore will be 
pronounced only by the Superintendent of the Royal Gun Factory. 

In all cases, however, where there are sufficiently serious defects, or 
if there be any doubt as to the serviceable state of the piece, it may 
be provisionally condemned, and if necessary exchanged, pending the 
‘decision of the Superintendent of the Royal Gun Factory. 

All ordnance will, as far as possible, be examined regularly after a 
‘certain number of rounds, as set forth in the following table, and prac- 
tice from such ordnance should be discontinued until the examination 
has been carried out. 


Regulations. 


Final con- 
demnation, 


Provisional 
condemna- 
tion. 


Period of 
ination. 
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СНАР,Т. Ревтовз оғ EXAMINATION. 
Periods of 
service А: Natures. No. of rounds 
ordnance. with projectiles. 
95 tons, and all heavier natures .. after 32 
12-inch (of 25 tons), 11-inch, 10 inch, 
L. and9in. .. "^ * не: » 50 
8-inch, 7-inch, 6:6-inch, 64, and 13-pr. š 100 
6:8-inch, 40-pr. and under .. 22 25 150 
Rifled R.B.L 7T-inch .. .. .. .. .. ” 100 
ordnance m"""| 40 pr. and under ^ .. 5 4% 5 150 А 
12-inch‘and upwards 516% .. в 32 * 
вт, Jbelow 12-inch to &inoh —.. n „ 50 M ме құммен 
below 8-inch to 4-inch of 22 owt. .. ” 100 “wee 
тығыны ды ла ” m йы 
iring 10-Ib. charges and up T 00 
В.В. ordnance {о 10415, oharge se „у 200 


p 
For purposes of computation four rounds of blank charges may ыг, 55. 
considered equal to one round with projectile. hir 
Experimental These regulations, however, will not apply to experimental guns, or 5^. hu. 


guns. to service guns used for experimental work, which will be examined „> 77 
according to special orders. "1 agr pts 

Blank All ordnance used for saluting or blank charges only, will alsojbe ^ “` 

charges. examined after four times the number of rounds laid down for that № 19 


nature of gun when fired with projectiles. This гаје will apply to all 
ordnance in charge of corporations and public bodies in the United  . 
Kingdom, as well as to those on artillery charge. p 
Special cases. In all cases, however, should there be any appearance of fissures |. ~ 
bout the vent, or defects ey to develop with firing, guns will be ^] ` 
examined more frequently, at the discretion of the Examining Officer ; 
but in the case of guns on board a sea-going ship they should if 
possible be made serviceable, rather than be sentenced for a limited 
series of rounds, а course which should be avoided where practicable. 
Ordnance in | For home service the following arrangements will be carried out for 
Royal Artil- ordnance in charge of the Royal Artillery. 
lery charge st | Ав goon as а piece has fired the number of rounds since previous 
home, examination as laid down in the foregoing schedule, a notification of 
the circumstance will be sent, іп the case of rifled ordnance, to the 
Director of Artillery and Stores, іп the case of smooth-bore ordnance 
to the Superintendent of the Royal Gun Factory, on Army Form G 875 
(late W.O. Form 1478), by the Officer Commanding the District, and 
practice from this piece will cease until its condition has been reported 
upon. Gutta-percha impressions should, if possible, accompany the 
report, properly labelled, as the Director of Artillery and Stores шау, 
after their inspection, be able to allow of continuance of practice with- 
out waiting for the next official inspection. Once a year, or more 
often if necessary, an examiner and an artificer from the Royal Gun 
Factory will visit each district and examine those pieces which have 
fired the prescribed number of rounds, and perform such repairs as may 
be required. А copy of the Examiner's report, on R.G.F. Form 132, 
will be &ddressed by him to the Officer Commanding the Battery 
for transmission to the Officer Commanding Royal Artillery in the 
district; the original report will be sent to the Superintendent Royal 
Gun Factory, Woolwich, for approval, and his decision will be com- 
municated to the Officer Commanding R.A. in the district. The 
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Examiner will place these reports in the hands of the officer in 
immediate charge of the ordnance, who will forward them as soon as 

ssible to their respective destinations. Should there be no ordnance 
in а district requiring examination or repair, the district will not be 
visited during that tour. 

In part of the western district comprised in the counties of Somerset, 
Devon, and Cornwall, the qualified Master Searcher of the Ordnance 
Store Department will, on requisition addressed to the Senior Ordnance 
Store Officer of the district, perform the duties which in other districts 
at home are performed by the examiners aud artificers from the Royal 
` Gun Factory. 

The Master Searcher’s report of examination will be sent to the 
Royal Gun Factory for confirmation, and also reports of work done after 
approval accompanied by gutta-percha impressions where necessary. 

At all foreign stations the examination will be made under the 
direction of the Officer Commanding Royal Artillery in the district, by 
an Inspector of Warlike Stores, should there be one at the station, or, 
if not, by some other competent -person. A report of the examination 
will be made on Army Forms G 869 and G 872 (late W.O. Forms 
1475 and 1476), and forwarded through the same channels as laid down 
for the Annual Return. In such cases the word * Special" will be 
substituted for “ Annual” in the heading of the form. Impressions 
will not be sent with the report unless there is any doubt as to the 
serviceability of the orduance examined; but should any piece appear 
to be in an unserviceable state, or to require repairs beyond what can 
be effected on the spot, impressions will be forwarded with the report, 
for the information of the Director of Artillery and Stores, who will give 
such directions as he may think desirable. 

If ordnance which are mounted in important positions are found to 
be unserviceable or to require repair of a nature that cannot be per- 
formed on the spot; orir local circumstances render their immediate 
exchange necessary, they will be at once exchanged if practicable, by 
requisition on the Senior Ordnance Store Officer, approved by the General 
Commanding. Іп such cases, the requisition, after being complied 
with, will be forwarded by the Ordnance Store Officer to the Director 
of Artillery and Stores. 

Officers Commanding her Majesty's ships at home will as the 
exigencies of the service permit, when а piece requires to be examined, 
in consequence of its having fired the prescribed number of rounds 
since previous examination, or for any other cause, forward a return оп 
Army Form G 872 for M.L. or G 925 for B.L. guns to the Senior Ordnance 
Store Officer at the station or district, with a request to have the 
piece examined. After examination the sentence will be entered on 
the above form, which will be delivered to the Officer Commanding the 
вһір,” to be sent through the proper channel to the Secretary of the 
Admiralty, for transmission to the War Office. у 

‚ Officers Commanding her Majesty’s ships abroad will, under similar 
circumstances, forward a request that the piece may be examined, with 
a return on Army Form G 872 for M.L. or G 925 for B.L. guns, to the 
Senior Ordnance Store Officer at one of the stations where there are 
Inspectors of Warlike Stores, viz. :— 


Barbados. Ceylon. Hong-Kong. 
Bermuda. Gibraltar. Malta. 
Cape Town. Halifax. Mauritius, 


* The Officer Commanding should, before forwarding this return to the Admiralty, 


extract all the information required by him to complete his next annual return. 
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"CHAP. I. The Ordnance Store Officer, on der de such requisition, will make & 
--- demand upon the Officer Commanding Royal Artillery, for the 
examination to be made by the Inspector of Warlike Stores. On 
the completion of the examination, the sentence will be entered by 
the Iuspector of Warlike Stores on Army Form G 872 for M.L. or 
G 925 for B.L. guns, which will be sent to the Ordnance Store Officer 
for transmission to the Officer Commanding the vessel. This latter 
officer will take such steps as he will deem necessary under the orders 

of the Senior Naval Officer. 
Reventing The only foreign stations at which rifled ordnance can be revented 
stations. are Bermuda, Ceylon, Esquimault, Gibraltar, Halifax, Hong-Kong, Malta, 
! апа Simon's Town: but venting tools аге now generally supplied to the 

flag ships in every fleet. 


! 
Барін there is по nce Store Officer at Esquimalt, or Simon’s Town, 
and Simo application will be made to the Head of the Naval Establishment for 
Town. the service of the Naval Engineer Officer stationed at these places. 
When an | Should the services of an Inspector of Warlike Stores not be available, 


LW.8.isnot through the ship being at sea or from any other cause, the examination 
available., | may be carried out by в Naval Officer possessing a certificate of com- 
"E !  petency to examine naval ordnance, and make the necessary recommen- 
dations for minor repeirs or provisional condemnation. After provisional 
condemnation such pieces will not again be used until an examination 
has been made by a qualified examiner at home, or an Inspector of War- 
like Stores abroad, and sentence passed in due course. 

No ordnance on board а sea-going vessel should be sentenced other- 
wise than serviceable or unserviceable, except in regard to minor repairs, 
which can be carried out at once on the spot. Іп а doubtful савечће 
ordnance should be provisionally condemned. 

e Officers Commanding Royal Marine Artillery, Royal Marines, and 
Royal Naval Artillery Volunteers, and Her Majesty's Coast Guard and 
Royal Naval Reserve batteries, on shore, will, when & gun requires to 
ны be examined, forward, through the proper channel, for transmission to 
the War Office, a return on Army Form @ 875, together with gutta- 
Marines, kc. percha impressions of vents and important defects observed in the bore 
and powder chamber. 

ter examination of these impressions, and also when ordnance are 
inspected by examiners from the Royal Gun Factory or from Ordnance 
Store Departments, at Devonport and Portsmouth, the result will be 
notified to the Officer in charge. 

If no person competent to take impressions be available, application 
should be made to the Senior Ordnance Store Officer of the district 
to have this service performed. : 

In every case where а gun is revented, impressions of the vent, 
both before and after rebushing should be forwarded through the 

roper channel for the information of the Superintendent Royal Gun 
actory. и 


Торкен 
of guns 
revented. 


Inquiry into; When any accident occurs, either at home or abroad, such as the 
—— of ` bursting of а shell іп the bore, the splitting of an obturating cup, 
aoe: the failure of a vent-piece, &c., immediate inquiry will be made into the 
| circumstances, and the ordnance examined. If the Commanding Officer 
considers the damage to be of importance he will send without delay a 
| report of the circumstances through the same channel as his Aunual 
Return, forwarding, if necessary, for illustration of his report, gutta- 

Memorandum Percha impressions of the damage done. 
of Examina- Erory ды gun issued from the Royal Gun Factory is accompanied 
tion, р. 371. ` by а “ Memorandum of Examination,” which contains a record of the 
material of the bore, and of the number of rounds fired, as well as the 
particulars of any slight defectes which may exist in the piece at the 
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date of issue ; for the new B.L. separate columns are also provided 
for the breech fittings. This Memorandum will remain in charge of the 
officer who has possession of the ordnance, and а certificate to the effect 
that it is in possession, and complete up to date, will be included in the 
Annual Return of Rifled Ordnance, Army Form G 872 or G 925 as the case 
may be. At the conclusion of each day’s practice with any piece, an 
entry will be made in the Memorandum by the officer in charge, giving 
в detail of the rounds fired (including blank —— , во that an accurate 
record of the firing may always be kept up. The results of examin- 
ation after approval by proper authority will be added to the Memo- 
randum by the officer in whose charge the piece may be at the time 
when the examination is carried out; and when the gun is returned 
into store, the Memorandum will accompany the transfer vouchers. If 
at any time the Memorandum be lost or damaged, а duplicate can be 
obtained through the Admiralty or War Office from the Superintendent 
Royal Gun Factory. Inside sheets, for continuation of the record of the 
number of rounds fired, can be obtained on demand from the Ordnance 
Store Department. | 

In а periodical examination it will generally be sufficient to take 
impressions only of the more important parts of а gun. These are— 

(а) For S.B. ordnance: the vent and a small portion of the bore 
immediately around it. 

(5) For R.M.L. converted guns, and ӘП others which have iron 
barrels: the whole of the powder chamber, and the end of 
the bore showing the joint where the cup is screwed into the 
barrel; also the upper part of the bore for 2 feet from the 
chamber, when there is any scoring in the gun. 

(c) For R.M.L wrought-iron ordnance, having steel barrels: the 
upper part of the powder chamber showing the bottom of the 
the vent, and the upper part of ‘he bore for 8 feet from the 
commencement of the rifling, showing the contraction of the 
bore when the powder chamber has greater diameter than 
the calibre of the piece. 

(d) For R.B.L. guns: impressions need only be taken where flaws 
can be seen. 

(e) For B.L. guns: a complete set of the chamber, showing the 
obturating ring, front slope, and commencement of the rifling ; 
also of scoring and flaws if seen in the bore. 


Examination of Went. 


There are two points to look to in the examination of a vent, viz. : 
the size of the channel, and erosion of metal round the bush in the 


bore. 

The size of the fire channel is ascertained by passing down gauges 
of increasing diameter, a set of which will be found with the examining 
tools. The channel should be first thoroughly cleared, for in a sopper 
bush it is not uncommon to find a “choke” where the metal has 
*been set пр at the bottom of the vent; this should be removed by а 
vent-rimer before the through gauge is recorded. 

As а rule the following diameters may be taken as the limit of size 
for the vent in different natures of ordnance :— 

(1) S.B. and converted R.M.L. guns.— When the 0-3-inch gauge will 


ри down. 

2) All other rifled ordnance.— When the through gaugeis0-275-inch. 
ith regard to erosion in the bore, this generally takes the form of a 

ring (or part of a ring) round the end of the bush. Fissuring also will 
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‘be frequently found round the bush and in front of the vent. In some 


instances the channel may be distorted in an extraordinary way, and 
the whole end of the bash may occasionally be set up or appear to 
have been fused away. If the gun has been bushed at some foreign 
station or on board ship, it will often be found that the powder has 
got into the cone, and sometimes into the threads of the screw, owing 
to bad workmanship in the operation of venting. This kind of injury 
will be of a serious character, and the Inspector of Warlike Stores must 
exercise his judgment in giving a sentence on the gun; в few rules may 
be offered for general guidance. 

First a clean and sharp gutta-percha impression must be taken to 
show clearly the extent of damage in the bore. This can only be 
done with the instrument which is supplied for examining guns (a plate 
being always selected to fit the form of the chamber), or with а similar 
kind of machine which is provided among the tools for reventing. 

In using the latter instrument a small piece of prepared gutta-percha 
must be placed on the pan, which көг г have previously been fitted 
with a pad of the same material to get the curve of the bore; this is 
мий | up against the bottom of the vent. In ten minutes it will 
probably be cold enough for withdrawal if the bore has been greased ; 
care should also be taken to soap the pad to prevent the gutta-percha 
from adhering to it. Too much pressure must not be applied or the 
impression will turn out very thin, and if the injury is deep it will then 
be difficult to extract the gutta-percha; while any portion left in the 
defect must prevent the possibility afterwards of taking a reliable 
impression at all. | 

п unbushed cast-iron guns the erosion will take the form of ап 
irregular cavity, fissuring out perhaps in several directions. Cracks 
and hair-lines may also appear. The extent of the cavity must be 
measured from the centre of the vent channel as nearly as that point 
can be judged; if the longest fissure does not exceed 0°35 of an inch, 
the gun can be cone-bushed ; if it extends further but not more than 0:5 
of an inch, a through bush should be put in. If а through bush will 
not remove all the defect the gun must be provisionally condemned. 
А little roughness of surface beyond half-an-inch may often be removed 
with а file before the bush is screwed in. 

In guns that have been copper-bushed, whether the material of the 
bore be of iron or steel, the cavity will generally present the appearance 
of а hollow ring. Ав long as this wear of the metal is uniform, and 
the edges are not rough and jagged, it is of little importance; but to 
maintain the guns in perfect order for service, rebushing may be 
carried out more often than is absolutely necessary. 

Fissures radiating from the edge of the bush will be very commonly 
found, especially in front; and hair-lines or cracks may possibly be 
discovered starring out in any direction. These should always be 
removed with a file if possible at the time of reventing; the extent to 
which filing may be carried must be left to the judgment of the 
examiner or artificer performing the work. 

When the ring is worn away, as shown in the accompanying figures, 
to the depth of 0-1 of an inch, or to а width of 0075, in R.M.L. 
ordnance or 0:1 in S.B. pieces, or when (as stated before) it is jagged 
and irregular, and likely to retain а piece of unconsumed cartridge, the 
gun will be condemned for rebushing, and, if possible, with & cone 
bush. Much wear of the lower portion of the fire-channel also will 
necessitate the reventing of the gun. The amount and nature of 
wear must be left to the judgment of (ће examiner. Generally 
speaking, if any sign of fissure of the copper is apparant, or И the 
thickness of the wallis much reduced in any part, the bush must be 
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condemned. In case of hair-lines radiating to the right or left from the 
edge of the bush in steel-lined pieces, the gun must be provisionally 
condemned should they be 1 inch in length; but when directly to the 
front or rear, half-an-inch may be taken as the limit for condemnation, 
for that position is the worst for the development of a crack. 

In heavy ordnance fissuring in front of the vent (caused apparently by Fissuring in 
the rush of gas through the vent channel) will often be rapidly developed. front of the 
This fissuring partakes at first of the nature of scoring; if not attended Yent. 
to it may increase in depth to a crack. Such roughness should there- 
fore be filed out, aud an examiner must use his discretion as to when 
this operation is necessary, but in no case should it be allowed to attain 
в depth of 0:075 inch. 

Although a property instructed examiner will generally be able, Discretion as 
with the aid of these rules, to sentence a vent either as serviceable, or % sentence. 
ог rebushing, yet cases will urise (except іп sea-going ships) in which 
it will be advisible for the vent to be sentenced as fit for some reduced 
number of rounds, and then to be further examined. Such cases must 
be left to the discretion of those whose duty it is to give sentence on 
the gutta-percha impressions taken. 

When guns are provided with removable bushes, these should, Removable 

after gauging, be taken out and inspected for cracks, and for the bushes. 
condition of the screw-threads on the exterior. The amount of scoring 
also at the mouth should be reported upon, the bush not being 
condemned until such enlargement approaches the outer edge of the 
metal. Axial bushes adapted for vent-sealing tubes should be gauged 
in the cone; when these also form the spindle for an obturating cup or 
pad, additional care must be displayed, both within and without. 
Radial bushes are liable to more rapid scoring than axial bushes for 
vent-sealing tubes, but they are short and can be easily examined by 
holding them up to the light; when much corroded they should be 
exchanged. 

To examine the axial vents of 12°5-inch (Mark IL), 16-inch, and 
17:72 inch R.M.L. guns, the gun-metal cover or socket must be taken 
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off and the vent-nut removed with a wrench supplied for the purpose ; 
the double key can then be taken out, and the bush pnshed forward on 
to the cradle, by which it is withdrawn. Before reventing, the shank 
of the acorn guide should be inserted in the vent, and it can then be 
replaced and secured. 

In B.L. guns which are fitted with removable vents in a radial 
position, the bush is removed by taking off the nut with a wrench, 
and pushing the bush into the bore. In replacing it, the vent is turned 
round till the: slot in the bush is opposite the feather in the gun; it 
is then pushed up to position and secured as before. 

Care should be taken with all removable bushes that they are kept 
screwed up tight by the nut, аз there is always a tendency for the 
copper washer to be compressed by firing, and an escape of gas 
may then take place, injuring the gun. 


Ч Examination of the Bore, 


rior to examination of the bore it is necessary that the gun should 
be thoroughly cleaned ; it is not possible to detect small defects, which 
may sometimes be of importance, if the bore be in a rusty or very 
greasy condition. If care had been previously taken in keeping a gun 
tolerably clean, it will probably be sufficiently prepared for examination 
by washing, brushing, and drying with tow on a clean sponge-head. 
IL however, there be hard rust which will not yield, or а thick coating 
of lacquer or grease, the bore may be cleaned either by firing one or 
two scaling charges, i.e, about one-third the full service charge 
(without projectile), which will usually loosen the scale, or by the use 
of hot water and potash, in the following manner :— 

About в gallon of boiling water is poured on one pound of black 
American potash, and an old sponge covered with a canvas cap, or 
some substitute to make it tight to the bore, is дір into the 
solution. The bore is rubbed till the dirt is loose, when the hard 
brush will remove it; the bore is then wiped dry with tow, &c., and 
slightly oiled. The potash water must be used very hot, and the sponge 
must be very tight, or the process is ineffectual. If the dirt be very 
thick in the small grooves of the R.B.L. guns, а common pricker 
with blunted point may be useful. No —— or pointed scrapers 
should be employed for cleaning the bores of rifled ordnance: they are 
unnecessary, and liable to injure the rifling. a 

The bore when cleaned should be examined first by the aid of a 
lamp; if the surface is slightly wet the detection of any defect is 
greatly facilitated. A pointed searcher may be used to ascertain the 
position and extent of a flaw; and a spring searcher also may prove 
to be useful in R.B.L. guns if applied in such a manner that each groove 
shall be traversed in succession by one of the pointe. 

If а permanent impression is wanted, it must be taken with gutta- 
percha, and instruments are supplied which will generally meet the 
requirements, but extemporary arrangements have sometimes to be 
resorted to by the examiners. 

The instrumenta for taking gue perc impressions of the bore are 
all of the same character, but differ in size. No. 1 instrument with spare 
plates is adapted for the 40-pr. guns (M.L. or R.B.L.) and 6-inch BL. 
and all larger calibres up to 12:5-inch inclusive. Хо. 2 instrument with 
suitable plates is used for all smaller natures. Special instruments are 
supplied for the 16-inch and 17:72-inch R.M.L. guns, and also for the 
chambers of 12:5-inch Mark II. and all B.L. guns of new type. 

When a proper instrument is not available, wood blocks may be used 
such as those hereafter described for taking a whole length impression 
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of the bore. These can be made by any carpenter, and are therefore ОНАР.1. 
not issued with examining tools. It requires much practice, however, көбен 

to obtain thoroughly impressions with them, so it is advisable to 

take the powder chamber, the region of the vent, or any special defect 

in the gun with the instrument whenever it is possible. 

The best gutta-percha is usually supplied for this service, but a Gutta-percha. 
common kind used by shoemakers, or packing of hydraulic valves, will 
equally answer the purpose. It can be used over and over again, 
and need never be thrown away if a little new material is added from 
time to time, to prevent it from becoming too brittle. Care should be 
taken to keep the gutta-percha quite free from dirt; and it should be 
placed in water until required for use. 

The method of preparing the gutta-percha is as follows :— A sufficient Preparation. 
quantity is thrown into boiling water and left until soft; a steam tank 
is suitable for this, because the water must not be kept on the boil, 
otherwise the gutta-percha would soon become spoilt. It must then 
be kneaded on a smooth board to expel all air and water, in order to 
obtain a smooth surface. n 

For an impression of a portion of the bore the gutta-percha must be Partial im- 
drawn out on the plate of the instrument, taking care that it is not too — о! 
thick ог too broad, and that the surface is quite free from bubbles, 6 9976. 
creases, and specks. When the instrument is inserted in the gun (and 
this must generally be done with great care) it is screwed up, and 
allowed to remain there for 10 to 20 minutes (according to the tempera- 
ture of the air) until the gutta-percha is sufficiently firm. 

A little soft soap, oil, grease, or common soap and water, will prevent 
the impression from sticking to the pad; the bore also should be 
slightly oiled. Too much pressure must not be set when screwing 
up, or the impression will be thin, and when the defect is very deep it 
will be difficult to withdraw tho gutta-percha. Some practice is re- 
quired to good impressions, and several may have to be tuken 
before cracks and hair-lines can be distinguished. 

When whole-length impressions are required, blocks and e Whole-length 
must be prepared according to the — on the next page. impre ons. 
blocks marked A (which for B.L. guns should taper from the centre to 
each end, and for M.L. pm from the breech end to the muzzle) must 
be shaped to suit the diameter of bore, leaving nearly quarter of an 
inch for the thickness of gutta-percha. When in constant use they 
might be bound on either side with hoop iron. The upper surface 
must correspond to a quarter of the bore. The wedge or wedges 
should be of a size to permit of their being driven home; they may 
require to be bound with iron at the end, and a hole is usually put 
through the projecting part of the wedge which will ђе found very 


useful at the time of extraction, J 
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The mode of use is shown in the figure below; the gun must be 
laced so that the impression can be taken against the upper part of the 
re, the block А with gutta-percha carefully spread is then inserted іп 
the gun and held up in contact with the bore. The wedge B (or two 


METHOD OF USING THE WOOD BLOCKS FOR TAKING GUTTA-PERCHA IMPRES- 
SIONS OF THE BORB. 


wedges in breech-loading guns) is then driven well home with mauls. 
When working at both ends the blows should be given simultaneously, 
to prevent the gutta-percha being torn in the bore; and a small piece 
of wood is generally * between the block and the wedge, which is 
particularly necessary in case of an enlarged powder chamber. 

In order to note in returns the position of any flaw or defect, the bore 
is divided into four parts, Up, Right, Down, and Left; the spot may 
also be more particularly indicated as lying Right or Left of Up, Right or 


Left of Down. The distance down the bore is always measured from 
the muzzle both in M.L. and B.L. ordnance, except in the chamber of 
R.B.L. guns, when the measurement is taken from the lreech; the 
quartering of the chamber in this case is similar, but right and left 
always refer to the position of the examiner at the gun. 

Circumferential defects are noted round the bore in the direction of 
the movement of the hands of a clock; e.g., a defective weld might Бе 
described as extending frum Up to Right of Down at 82 inches, or & 
coil-mark from 27 inches Right of Up to 294 Left of Down. 


Position of 
defeote. 
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IMPRESSIONS ARRANGED FOR RECORDING 
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MUZZLE ENDS. 


When an impression is forwarded with a return, a lable must be 
gummed to the back, showing the name of the ship, corps, battery, or 
station, the date of taking the impression, the direction of the muzzle, 
the nature and number of the gun, and the position of the fissure or 
defect (if it be in any part other than round the vent bush) defined 
according to rule just explained. 

The impressions should be reduced to the smallest dimensions com- 
patible with showing the whole of the defect. 

The bores of all guns can now be examined, at all stations where 
there are dynamo machines, by means of the electric light. A full 
description of the instrument supplied for this purpose will be found at 
р. 330, and with it any flaws or defects in the bore can be at once 
detected, photographs [taken of them, and forwarded, accompanied, if 
necessary, by impressions of the defects. 


Defects in the Bore. 


In cast-iron guns the bore is liable to be corroded if exposed to the 
weather, and snow, or to the action of salt water and spray near the 
868; occasionally also a flaw in the metal may occur. Generally 
speaking, however, the defects which condemn such pieces will be 
found in the vicinity of the vent. : 

It is not easy to lay down any rules to guide an examiner in provi- 
sionally condemning a piece: a great deal must be left to his experience 
and judgment: but for cast-iron ordnance it may gener be stated 
that cavities less than "1 of an inch deep in rear of the trunnions, and 
less than :2 of an inch in the muzzle end of the bore, need not cause 
suspension of firing, unless the edges are jagged and liable to retain 
pieces of cartridge. à; 
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With rifled guns the defects which are likely to be found may be 
classed under three distinct headings, viz.: (1) Original, (2) Fair weer, 
and (3) Accideutal. 

(1) Original flaws.—These are generally **tool-marks" or slight 
irregularities and scratches caused in manufacture during the boring 
and rifling. A chip of steel or grain of sand getting between the 
machine and the surface of the bore will cause marks of this kind, 
while the emery powder may leave very fine marks, and the process of 
lapping often develops a coil-mark or scratch into a flaw of consider- 
able magnitude. 

With steel tubes, on account of the hard surface of the metal, fine 
lines become very apparent, and they have at times been mistaken for 
cracks when running lengthways in the bore. To an experienced 
person, however, the difference is easily recognised. 

0) Fair wear.—There is а great variety of defects which may be 
included under this head. In many cases they depend upon the material 
of the A-tube.* 

“ Scoring” is caused by the rush of gas out of the chamber and over 
the top of the projectile in R.M.L. guns where there is considerable 
windage. It takes the form of longitudinal furrows, some of which 
will generally increase more rapidly than others and become сэр 
irregular channels, АП guns are liable to this kind of wear; іп sma 
pieces of ordnance it may be slight, but when heavy charges are used 
the surface of the metal is soon eaten away to a serious extent. In 
B.L. guns and M.L. ordnance which have enlarged chambers, the chief 
scoring will be found on the front Кү of the chamber and thence for 
2 or 3 feet down the bore. In unchambered guns the deepest part 
will be over the seat of the projectile, and along the loading side of 
the grooves. 

It is worthy of notice, that scoring has never caused the destruction 
of a piece on service, though it must tend towards failure of the tube 
eventually. Guns have formerly exhibited an enormous amount of 
erosion, but since the introduction of -checks the furrows have not 
attained any very great size; the erosion continues, however, and it is 
necessary to place a limit on the depth when gas-checks ought not to 
be used on account of the risk of their being torn off in the bore. 
Gas-checks should not be used when the erosion exceeds 0-125 inch 
in depth at any part. It will be necessary always to state in the 
column for remarks on the Memo. of Examination, as well as on Army 
Form G 875, whether the bore is in a sufficiently good condition for 
firing with gas-checks. 


Should the scoring on the front incline of the powder chamber in 


B.L. guns become 0°05 of an inch in depth, especially if it appears in 
longitudinal streaks of 1 inch or more in length, impressions should be 
taken and forwarded, through the usual chaunel, to the Superintendent 
R.G.F. Impressions of the powder chamber should extend from the 
termination of the thread in the breech of the gun and include a few 
inches of the rifling. 

The depth of erosion can be measured with sufficient accuracy from 
the pos percha impression by laying a straight-edge (held parallel to 
the bore) on the top of the raised part of the impression, and then 
measuring with а compass the height of the straight-edge above the 
proper surface of ihe bore or groove. 

“ Wearing of the grooves" may take place in all rifled guns, but 


* The material of wbich the barrels are made has for some years past been 
stamped on the face of the muzzle, and it is also entered in the “ Memorandum of 
Exam n ” 
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more especially in R.M.L. ordnance, with which studded projectiles are 
used; it will generally be noticed іш guns which have iron barrels, and 
in those with steel tubes, which have a uniform twist in the rifling. 
Scoring will tend to obliterate very shallow grooves, but the result is 
rough and irregular. The wear from friction will present a different 
appearance, and it is of greater importance because the studs might at 
last “ override,” or get shorn off in the bore. 

“ Coil-marks " and ** defective welds” can only appear in guns which 
have a tube of coiled iron. The term wn is applied to the 
lines which may be found running spirally round the surface of the 
bore, due to the manufacture of the A-tube by coiling, where the weld 
has not been quite ect. They are erally not very deep, and 
consequently are of little importance. en, however, they happen to 
be large or serious in character they are called “defective welds.” 
This term is also кг мом to а defect at the junction of different lengths, 
from imperfect work in the process of uniting together: in this case 
the flaw would run circumferentially. Unless there is reason to believe 
that a defective weld is rapidly increasing, or some material change is 
observed from its state at a former inspection, the gun need not on 
this account be condemned. Speaking generally, the depth of a defect 
is of more importance than its extent, but should a defective weld run 
right round the bore, or even two-thirds of the way, the piece would be 
liable to break in two at this part, and it should then be recommended 
for exchange. 

“ Specks,” “ spots,” and “ pin-holes” are terms applied to small cavities 
in iron barrels, which are generally produced by cinder or dirt in the 
iron, or by blisters, &c. They sometimes occur in clusters, and are 
usually disclosed to view after the surface has been removed by erosion 
and firing. Large defects of this nature are generally called “flaws” 
for distinction. 

Experience has proved that flaws, and defective welds are of little 
importance in guns not exceeding the size of the 7-inch B.L. screw 
кор, The importance depends іп а great measure оп the position of the 

efect, one in rear of the trunnions, and especially in the powder 
chamber, being more dangerous than one of the same nature and 
extent in the forward part of the bore, because the powder gas will act 
much more rapidly upon it, and if ragged it ше hold a piece of 
ignited cartridge. Very few instances have occurred in which coil- 
marks have been the cause of an accident, or in which the defects have 
increased to any material extent after issue, unless such defects have 
been situated in the powder chamber, and for this reason no guns have 
been issued for many years past with any but very trifling flaws in 
that part of the bore. 

* Longitudinal fissures " are peculiar to iron barrels, but only to those 
which have been made out of solid f. iron. They are caused by 
the erosion of gas along the lines of the forging, and may be due to 
defective welding sometimes. When these fissures are fairly developed 
they weaken the barrel (already too weak in a circumferential direction), 
and therefore they should always be regarded with suspicion. 

“Cracks” may occur in iron or steel, but it may be said that they 
are almost restricted to barrels uf steel. Steel is free from most of the 
defects inherent to iron, and generally shows a perfectly clear surface 
at first, excepting tool marks. Cracks caused by fair wear usually take 
a longitudinal direction, and then they naturally follow (if they do not 
originate in) the driving edge of a groove. It is necessary to distin- 
guish between fissures and cracks, fora crack is at all times sufficient 
to condemn any piece, although many rounds may sometimes be fired 
from it with safety after failure of the barrel. This has been proved 
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by firing under precaution one or two guns in which the barrel was CHAP. L 
split, but on service the gun should always be immediately exchanged. — 

(8) Accidental.—In this class we must place all cracks, dents, and Accidents. 
abrasions caused by the premature explosion of a shell in the bore, as 
well as all injury from shot, splinters, &c., and failure of the piece by 
explosion. 

nts and abrasions are of little importance, for generally any rough- Dents and 

ness can be remedied by filing. Cracks are serious; when these аге abrasions. 
due to the explosion of a shell they will be found near the muzzle, and 
they will run irregularly through the metal, sometimes dividing off in 
several directions. In one or two instances the muzzle has been blown 
away altogether. A short crack may be stopped by a clever artificer 
by boring a circular hole at the extremity of the crack; this must be 
carefully plugged flush with the bore, but the remedy would only be 
—— ted to on active service, ог until the gun could be exchanged for 
another. 

When the examiner is in doubt as to the nature or importance of any Further firing 
defect, and when circumstances also permit, it is well to fire a few in case of 


rounds and then take another impression; if on comparing this with qoubt. QU 
the first, the defect does not appear to have increased, the gun may be Ec 
considered serviceable for another series of rounds. "es бе " p 
/\ н, 
Examination of B.L. Fittings, Ж” 


The following instructions have been prepared for examining the ~ M / 
fittings on different natures of breech-loading guns :— Ку thea E 
бУ а ы 


6-їхсн (30-РЕ.) асхв. 


› 


! SCALE 5 


. 
<----6--->, 


BREECH-CLOSING ARRANGEMENT, 
= 


Examine thread of vent-bolt, ascertain if the nut works correctly Bolt, vent. 
and the spring be sound. 

The bracket should be free from burrs, and allow of the ready en- Brackete 
trance of the lever-catch of the carrier, ' 

Carrier complete, with hinge-pin, washer, and keep-pin. Especial Carrier. 
attention should be paid to the lever-catches of the carrier, and to the 
soundness and working of their springs. | 

The obturating cups should be turned round when on the breech- Cups, 
screw, and their outer edge carefully inspected for marks and lines obturating. 
indicative of gasin motion. Any such defect on the exterior К the Бр 
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would condemn the сир; cracks in the steel should also be looked for.. 
The back should be tested with a straight-edge. 

Care should be taken that the edge of the cupis kept uninjured апі 
free from burrs. Should any burrs or notches be observed, the cup- 
should be removed and replaced by another. 

Abrasions on the edge of the cup can generally be removed with a 
dead smooth file. The proper action of the cup depends upon the 
slightly convex form of the — upon which it rests. Each time the 
gun is fired the flat underside of the cup is forced by the pressure of 
the gas to take the form of the hase, and the circumference is thereby 
expanded so as to tighten against the ring of copper which surrounds 
it. If the underside of the cupshould by continued firing partially lose 
its flatness, and take a permanent hollow form, it may be packed up 
by Sar. beneath it one of the thin brass discs provided for ihe 
purpose. These discs are of two thicknesses to meet different degrees 
of hollowness. The hollowing of the underside of the cup will always 
manifest itself by a diminution of resistance to the tightening of the 
lever against the stop. 

When the gun is not likely to be required for immediate use the 
steel cup should be removed from the breech-screw, and kept in-a dry 
place, oiled and free from rust. 

To remove а cup hold the key provided for this purpose on the flat 
sides of the head of vent-bolt to prevent turning of the cup, and use 
another key (forked) to unscrew the nut of vent-bolt. This will free 
the cup, which can be withdrawn to the front. The vent-bolt should 
за then unscrewed from the cup and the washer and nut taken out to 
the rear. 

To replace а cup screw the vent-bolt, with three brass discs Бөпеа 
it, on to the cup, put the cup into position, and then from the rear 
arrange the washer, so that the key guide on it fits into the slot in the 
vent-bolt ; now put on the nut, screwing it up with the forked key, 
and holding the vent-bolt head with Gis band, When the nut is nearly 
home force the breech screw into position in the gun, so as to centre 
the cup, then withdraw the screw, and holding the vent-bolt head with 
one key, screw up with the other. 
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G-INCH ССК, MARK II. 


SCALE 75. 
BREECH-CLOSING ARRANGEMENT 
' 


927 


Both electrical and mechanical holders should be sound, the mouth 
uneaten by gas; the needle should be taken out of the latter, and that 
апа the small spring inspected for soundness. 

The lever with its handle should be sound; the firing hammer in- 
spected as to the nose, and that no crack exists at the junction of the 
weighted head. 

To remove the cup and vent-bolt, unscrew the set screw in the upper 
relieved portion of the breech-screw, which enables the cup and vent to 
be withdrawn to the front. Reverse the operation in replacing the 
cup. In all reports the number of the cup is to be shown. 
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В.Г. Guns having ** Cup" Obturation. 


Breech-screw.—A gauge is issued for inspection of this fitting. The 
inner edge of it is laid on the smooth portion of the screw and over the 
curved front; thus any bulge or setting up of the screw would be 
apparent. The threads of the screw are gauged by the upper edge. 
Should the screw-threads be found set up, the breech-serew would not 
be condemned, unless it was found not to work readily in the gun. On 
the other hand, if a breech-screw were found to jamb in working, this 
gauge would enable the examiner to detect the defect, which might 
often be remedied by filing. On no account should any portion of the 
thread be cut away to remove a crack, &c. 

The retaining clip is fixed to the lever handle by a screw. If the 
spring be weak the clip may be taken off and a new spring inserted. 

To examine the copper obturatiug ring, place a light in rear end of 
chamber, and pass round the top of the finger over its surface for gas 
marks. Тһе marks will show also on the gutta-percha impressions 
which should also be taken. 

The regulations for the inspection of the cups, rings copper obturating, 
and breech-screw, are the same for all the above natures. 

If the carrier be fonnd not to work correctly it should be removed 
from the gnn, and the under plate unscrewed, revealing the mechanism. 
Two small bell crank levers will be found within, stamped Lever A and 
Lever B. Their spindles may be unscrewed, the flat spring below lever 
А or the врта! spring round stop of lever B replaced, or such other 
parts as may be found damaged. 

The catch and clip-retaining for carrier, and catch clip-retaining and 
hinge plate, all of which are fixtures on breech, should be inspected for 
soundness and for proper working when the carrier is attached. 


4-inch 18 cwt. and 22 cwt. Mark Г. 


Wrenches, А and B, are supplied for each of these guns to remove 
the nuts of the spindle. Take off the nuts of the spindle, the spindle 
and cup can then be taken out. 


B.L. Guns with the De Bange Obturation. 


All the fittings should be examined for cracks and other defects, also 
for their proper adjustment and efficient working; burrs should be 
removed by filing, which should be done carefully, so as not to per- 
шапеп у damage the fitting. 

The obturator consists of the steel mushroom, the obturating wad, 
and the compound metal discs. 

The outer canvas of the wad should be free from rents; small bruises, 
likely to be removed by the pressure from firing, are of no importance. 
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The metal discs should have their outer rims free from indentations 
and cracks. 

One or more steel discs may be required in rear of the obturator, when 
the pad becomes Баа from айн опе will generally be found 
advantageous, but in all cases the obturator should turn freely in the 
breech-screw. 

The obturator required for use is kept complete in the gun, being 
taken off about once a month, or after firing, and cleaned and oiled, 
or greased with Russian tallow mixed with oil, or some other suitable 
lubricant. : 

The spare wads and discs are kept in the case provided for the 
purpose, which protects the discs from indentations and bruises, and 
admits of the wads being kept pressed to the proper size, there being 8 
tendency of the wad to swell in the direction of its axis, which might 
cause difficulty in fitting the obturator on the breech-screw. 

Should the breech-screw not work easily when the obturator has 
been detached, the defect may often be remedied by — по 
portion of the thread should be cut away to remove а crack, 

If when opening the breech the carrier ring remains fast owing to 
the **clip-retaining carrier" not working properly, the latter can be 
pushed back by inserting a pese in the hole provided for this purpose 
on the left side of the breech. ; 

Guns fitted with steel lining should be inspected to see that there is 
no shifting of the lining at either end, and that the powder gas is not 
producing any opening of importance at the joints; indications of these 
will be given by gutta-percha impressions, which shoul in all cases of 
doubt be forwarded through the usual channel to the Superintendent 
Royal Gun Factory. 


R.B.L. Guns. 


The breech-screw will be examined with the straight-edge, in order 
to ascertain that the face is perfectly flat and true; if it be not, it will 
be filed ; the thread should be examined by tapping with a wood mallet, 
and should not be broken ог burred, but а considerable portion may be 
removed, if injured, without destroying the efficiency of the screw. 

The lever and tappet should be sound. ‘The lever handles of naval 
guns are sometimes broken off, but the lever can still be used in this 
state, though not so conveniently. The keep-pins must be sound. 

The vent-piece is the most important fitting, and should be perfectly 
sound, neither cracked nor bulged. Тһе back and sides, when tested 
by the straight-edge, should be quite flat and true. Тһе fracture of 
vent-pieces is frequently owing to the back not being true to the face 
of the screw. The copper ring on the vent-piece, аз well as the breech- 
bush at the end of the barrel, must be sufficiently high to prevent the 
action of the gas on any part of the iron. The angle face of the 7-inch 
vent-piece should be smooth and should work truly against the angle 
face of the bush; the foot should fit closely, but not too tightly, into 
its place. The copper bushes in the neck of the vent-piece should be in 
good order. If they are so much worn that а ‘276-inch gauge can pass 
through, the friction tube is liable to be pulled out without being fired ; 
the bushes will then be renewed from the spare sets issued for that 
pompae: A cavity frequently forms at an angle of the vent channel, 

but this (which should be examined with a probe) does not entail the 
immediate condemnation of the vent-piece, unless the examiner considers 
it dangerously large. 
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The cross-head should not be loose, as instances have occurred of its 
being broken off whilst firing. In all cases before taking a vent-piece 
into use, it will be advisable to test the soundness of the cross-head as 
well as the neck, by tapping with a hammer. 

The breech-bush will be sentenced to be renewed if found to be so 
much expanded that the gas could escape between it and the tin cup or 
vent-piece, and when it is not possible to remedy the same by facing. 
In order to prevent serious damage to gun and vent-piece, attention 
should be paid, both before and during practice, to the breech-bush in tho 
gun and the copper ring on the face of the vent-piece. If at all dented 
they should be carefully faced before use. During practice the officer in 
charge should take means to ensure these poiuts being looked to con- 
stantly, and should stop practice with any gun or vent-piece in which 
eating away of the copper by the escape of gas begins to show itself. 

When this once commences, а few rounds are often sufficient to cause 
permanent damage. 


Examination of Exterior of Ordnance. 


Considerable defects may exist on the exterior of wrought-iron 
ordnance, without the strength being affected. Occasionally, on firing, 
one of the outer tubes may develop a flaw running round the gun, due 
to the coil or tube having been in an undue state of longitudinal tension. 
Such defects are, as a rule, ampera and are easily repaired when 
the gun passes through the Royal Gun Factory. 

Defective welds may possibly be discovered in the exterior parts of 
coiled iron, but these are generally of little importance, and a gun 
should not be condemned on such grounds alone, though it ть ђе 
exchanged when an opportunity offers. 

If it be found that a shell has burst in the bore, the exterior ought 


to be thoroughly scraped with old swords, and cleaned (with potash bo 


water, if necessary), in order to ascertain whether it is perfectly sound. 

It occasionally happens with wrought-iron guns that on firing the 
outer coils shift; if on examination the shifting is found considerable, 
the gun will be provisionally condemned, but a slight shift, which is 
sometimes perceptible when the gun is first used, and which has gone 
no further afterwards, may be disregarded. Unless there be reason to 
suspect damage on the exterior, it will not be necessary to scrape 
the whole of the paint off the exterior whenever a gun is examined. Large 
defects of апу kind оп the exterior are noted on the “ Memorandum of 
Examination.” 

The position of a defect on the exterior of a gun is described in a 
similar way to that mentioned already for defects in the bore, except 
that the distance is measured from the breech in all except B.L. guns 
of new type. 4 

Attention should be given to the soundness of the trunnions, and of 
all parts of the attachment of the elevating gear. 

Although none but authorised Inspectors are permitted to sentence or 
carry out repairs оп a gun, it is highly desirable that every artilleryman 
should understand how to examine the weapons placed in his charge ; 
and he ought to be able to form some opinion on the nature of any 
defects which may be brought to his notice. Examinations of ordnance 
must be searching and very exact, for a small flaw may endanger the 
life of a piece, and involve the risk of an accident to men who are 
employed at the gun. The moral effect of the bursting of a piece is 
much more damaging to the steadiness of troops than the explosion of 
any number of the enemy’s shells: it is therefore highly important that 
all officers should: be able to guard against such a catastrophe by 
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suspending the fire when any serious injury may be discovered. On 
the other hand, it is equally important that the gun should not be - 
thrown out of actiou on account of injuries, however conspicuous, when 
they are not really of a dangerous character. Hence it may often 
depend on the judgment of officers to say whether the state of a gunis 
satisfactory ог not; and the confidence of the gunners must rest on the 
ability of their officers to decide. This knowledge is more necessary in 
the present day than it ever was in the history of artillery, for modern 
guns must be regarded as highly finished weapons of war, which are 
capable of exhibiting great power and extraordinary destructive effect ; 
but for this very reason they are all the more liable to injury and wear, 
and it is essential to keep them under observation. In war no doubt 
risks would be readily incurred, but in times of peace all reasonable 
precautions should be taken to avoid an accident, and thus experience 
may also be gained as to the safety and endurance of guns. 


INSTRUMENT FOR EXAMINING THE BORES OF GUNS BY 
ELECTRIC LIGHT. 


This instrument will be issued at all stations at which a dynamo 
machine is available for working it. and will not only enable an 
examiner to get a distinct view of all parts of the bore of a gun, but 
should any defects show themselves photos of them can be be taken, and 
forwarded through the usual channel to the Superintendent R.G.F. The 
instrument can be used for either B.L. or M.L. ordnance. 

The instrument (as shown in Plate) consists of a carrier (А), а 
regulator (B), and a rod (D) for moving the instruments. Тһе carrier 
(A) is а cylindrical case of sheet brass in which is fitted а mirror at an 
inclination of 452, and is so shaped as to allow an image of a portion 
of the bore of the gun to be cast on the mirror and thence reflected 
along the axis of the bore: it is fitted with vulcanite rollers which 
insulate the case from the bore and facilitate movement. The carriers 
are of different sizes, to suit different natures of guns, and increase in 
size by intervals of two inches. Тһе regulator (B) is held firmly in 
the carrier by means of а bracket (C) at the front which carries a set 
Screw, and by the circular aperture at the end of the carrier in the 
rear. It is an adaptation of the ** Brockie" arc lamp, and is contained іп 
а circular brass case of 4 inches in diameter. Тһе rear plate is fitted 
with a socket for attachment to the rod, when the instrument is used 
for guns of smaller calibre than 8 inches, and with two terminals for the 
attachment of the conductors from the dynamo or battery. These are 
marked “ + " and “ —." 

The carbons are held in two sliding rods marked F and G, which are 
geared together by & pinion, and so arranged as to keep the arc 
роса іп one position in relation to the mirror; the distance 

tween the two carbons is regulated by means of two electro-magnets. 
Тһе upper rod which actuates one of Ше carbous is controlled by a flat 
coiled spring in the drum (a) which is in connection with the rod by 
means of a flexible cord; a train of wheels carried in a rocking frame. 
pivoted on the same axis as the pinion, is driven from the pinion 
spindle and is employed to prevent the too rapid movement of the 
carbon-holders, the last wheel on the spindle being so constructed as 
to form a brake. The frame is held up by means of two suspended 
spiral springs, and is fitted with an armature (0) which, when attracted 
27 the omer electro-maguet (c), draws the frame down, thus separating 

e carbons, i 
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The electro-magnet (c) is wound in the main circuit, and when the 
“current passes the armatures they are struck; when the carbons have 
thus been separated, the further regulation is performed by the upper 
electro-magnet (d), which is wound in a shunt circuit across the arc. 
The armature (е) which is actuated by this magnet forms part of a 
frame (т) pivoted on the rear end of the rocking frame (f), and carries 
за detent which engages a star wheel (7) on the brake wheel spindle. 
When the armature is attracted by the magnet, this detent is moved 
back, — the star wheel and allowing the driving spring to movo 
‘the carbons, thus shortening the arc а small amount. Ап adjustable 


spiral spring is attached to the armature, and by altering the tensions 


of this spring by means of the nut (2) the feed of the carbons can be 
sajusted. Тһе carbons are supplied the correct length, 18 mm. іп 
diameter for the “ +,” and 11 mm. for the “--” electrode, to com- 
pensate for their different rates of burning. 

The rod for moving the instrument is formed in three lengths, coupled 
up as occasion requires by brass coupling nuts. It is furnished with a 
Socket at the end for attachment to the instrument. 

As the lamp із constructed to be used with an E. M.F. of 45 volts and 
current not to exceed 12 ашрегез, it will be necessary to drive the 
dynamo во as to give these conditions. In order to prevent injury 
from accidental increase & short piece of the fusible wire supplied 
should be inserted in the circuit near the dynamo. 

Тһе conductors must be attached to the lamp at their correct 
terminals so that the carbon furthest from the lamp is the “ +” 
electrode; they should be lashed at intervals of about 6 inches to the 
rod, one of them is then connected to the key box and one to the 
dynamo. The key must on no account be put in the “ key box” until 
everything is in readiness. 

The regulator should be tested before inserting it in the carrier, to 
see that the lamp regulates satisfactorily. The small nut (A) is for 
this adjustment, and thiscannot conveniently be done when the regulator 
is in the carrier. It is most important that the regulator, when not in 
use, should be kept perfectly clean in the case provided for the 
purpose, and on no account should it be tampered with. 


In using the instrument avoid all sudden movements, or jerks, which ` 


would be apt to throw it out of adjustment. 
Carriers of five different sizes are issued suitable for use with guns 
of the following calibres, viz ;— 


No. 1 for 6 inches to 8 inches. 
” 2 ” 8 ” to 10 ” 
n 3,10, to 12 ” 
» 4,12 „ tol6 , 
» 5 „ 16 ,, and upwards. 


For guns of less than 6 inches in diameter, a small mirror is fitted on 


the regulator, and held in position by means of clamps. 
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Taste ХХХУГ—Тоота, CLEANING AND Ехамізікс S.B. ORDNANCE. 


i 
Š Remarks. 
3 
E| = : 
~ K|; 
š 814 ё|5 
vent, 17-inch „!« ај а | а] а | а| а | а | а [а |а [а 
adjusting, for No. `l instrument 
taking im —— of vent. .111|--|1| 1| 1!|--|-|-|-і|1|1 
Braces, smi аа] ааа аа а|а|а|а 
жан vad with stave, hard; round 1 1 1 1 1111 1j()| —|— 
es ` rge | a | | | | || | = |а [а 
T or Turk's head IC а Ка! ара а а [sayi Pes 
Drills, vent, 15-inch ааа аа ааа ааа 
Gauges, те — (set of 4), 16. inch аја ја | а јај аа «ааа 
Но for 1| 1| 1| 1| 1| 1| 1| :|—| 1| 1 
— Impression of 
vent, No. 1 .. ..Jaljalaljaje«jiajaja«j|()|ja]|a 
ір, examining bore, 'small ` Р „1 а | а | а] а | а | а | а | а | а | а [а 
Pistes, No. 1 instrument, taking im- 
n of vents, '* А " large „| а|а|а|ајајајај|јај—|ај« 
Bimers, vent, 15-inch ... а | а| а|аја|јај|ја|ја|аја|ја 
Stoves, lamp (softening, gutta-percha) а | ај а|а|а|а|ајај|а|аја 
ov . « | а | аја | а|а|ај|ја|а|ај|ја|а 
РОУ usn биий а ний! алад! ний! была ua. Шак а -- 
chamber (5) [шей medium ..|ај|ј—|ај—|—|-—|— |—|-|— | a 
(small | || а | а || ај|—|-- | - | | — 
Scrapers < ordnance bore, crown  ..|а | a | ај a a la la a| aj ala 
ordnance bore, half-round {| а | а | а] a | аја ala a |a j a 
ordnance Ђоге, roumd(petrs)| 1| 1| 1) 1| 1| 1| 1| 1| 1| 1| 1 
Screws, for fixing scrapers 20 „| ај aja la l a] a |a ja jaja | a 
prong . ”Ыр|8141981-1-1-1-1-1-1646|18 
Searchers, spring бро — „| || | a | a —————— 
prong е 41-1-1-1-1-1416161(0(1-1- 
Issued ас- 
Scrapers, exterior, 6 8-47-1-1-1-1-1- — | — | — | — | — |< cording tore 
quirements. 
Tongs tor grinding scrapers ... “Да а | а аја [а 
Wrench for searcher, spring ... “а а | ај а а | а | а 
Wrench for scrapers .., ... .. а а | а а|а | а 


Ме. Common to all; one only required, whatever the nature ог number of guns to be cleaned or 
e пей. 
5) Only required for ordnance having Gomer chambers. 

с) There is no hard brush for the Ser. the small Turk's head is used instead. The instrument for 
taking impressions is too a ріесе of wood being used; the smallest spring searcher is also too large, 
the pointed searcher taking its place. 

Norz.—13-inch mortars are cleaned with the same articles аз 10-inch, except that the bore is ecraped 
with old swords, instead of with the bore scrapers. 
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PART IV. 


CHAPTER II. 
PRESERVATION AND REPAIR OF ORDNANCE. 


Preservation of guns.—Painting and lacquering.—Browning field guns.—Tampions. 
—Vent plugs.—Preserving screws.—Quantity of paint and lacquer required for 
each gun.—Proportion of lubricants and cleaning materials allowed for guns 
annually.—Operation of browning.—Stores and ingredients allowed.—Preserva- 
tion of sights.—Blucing.—Bronzing.—Preservation of fittings.— Transport.— 
Repairs.—Reventing with copper bush.— Cone-bush. —Through-bush.—Reventing 
converted R.M.L. guns.—Recoppering B.L. guns.—Coppering operations for 
R.B.L. guns.—Refacing and renewing the breech-bush.—Refacing the vent-piece. 
—Fitting new copper ring.—Repair of iron bush in 7-inch gun.—Rebushing a 
vent-piece.—Repair of sights.—Muzzle-sight on R.M.L. gun.—Screw trunnion 
sight on M.L. and В.Т. guns.—New leaf in a drop-trunnion sight.—Broken 
clamping screw.—Millar’s sights on В.В. guns.—Table of painting and lacquering 
tools.—-Venting and repairing tools.—Tools for recoppering B.L. guns.—Facing 
implements R.B.L. guns.—Sighting tools for В.В. ordnance. 


ALL ordnance forming the armament of a fortress are to be cleaned 
and painted biennially; but if guns mounted on the sea faces of works 
are found to be in а bad state from exposure to spray, or those in 
casemates from damp and dripping of water, they are to be cleaned and 
painted every year, or even more often if considered necessary by the 
Commanding Officer, Royal Artillery. 

When the exterior of a gunis painted, the bore should be coated with 
lacquer except in the case of guns which may be constantly required for 
practice, when the bore must be kept clean and well oiled. 

The smaller natures of ordnance, which in land service would be 
classed as field-guns, are only painted when appropriated to the sea 
service; for land service the exterior is browned and the interior 
should be kept clean with oil. | 

Before painting, all rust and dry paint should be thoroughly scraped 
off with di swords which are supplied for this purpose; sight-notches 
and lines should be carefully cleaned out, and roughness if necessary 
removed with emery paper. The gun should then be wiped clean and 
left bright. Two coats of Pulford's magnetic paint are afterwards laid 
оп, but care must be taken that the first coat is perfectly dry before the 
second coat is applied. 

The vents аге cleaned with vent-scrapers. 

Lacquer is applied to the bore by means of brushes attached to a 
Stave; two staves are provided which are fitted with spring sockets. 
One is used to lacquer the sides, the other theend of bore. The lacquer 
сап be removed from tbe bore in a few minutes by brushing with hot 
potash solution. 
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The gas-escape channel should always be kept clear, the outer end — 
being merely stopped with plugs of greased tow when the guns агепој  Gss-escape 
in use. channel. 

The muzzles of all rifled guns should be stopped with tampions, and Tampions. 
those of mortars with wooden caps, to keep out moisture and rain. 

Venut-plugs are used with mounted guns for the same reason. Vent-plugs. 

Whether mounted or lying on skidding, guns should always be left 
depressed at the muzzle to prevent water from lodging in the bore. 
| en guns fitted for L.S. have the friction-tube-pin Нојев, and the Preserving 
guide-plate hole filled by preserving screws, it is desirable that these screws. 
screws should be removed occasionally to prevent them from becoming 
fixed in by rust. 


QUANTITIES OF PAINT AND LACQUER AUTHORISED FOR RIFLED 
ORDNANCE. 


17:72-ш 


16 * .. ee 
12:5 , 2% ..| 4 12 14 
12 85tons..| 4 8 13 
э 125 „ ..| 8 4 12 
11 ” .. .. 8 4 п 
10 $š .. el 413 9 
Guns ..3 9 5 гә ..| 2 0 8 
8 > ee . 1 8 8 
7 » В &7tons| 1 0 6 
7 2 ст. ..| 1 0 5 
(R.M.L. 6:6 » .. . .. .. 
64-рг. 64 cwt . 1 0 4 
40 „ .. .. . 14 4 
25 , .. .. . 12 š 
. 80 ,, .. . 1 4 
Converted 188” сваи, 102 é 
д 8-inch 70 cwt. ee he % 
А 8 , 4, ЗА 4 
Ord- " 6 *6-inch .. .. .. .. 
nance 6:3 ,, T oe 12 4 
Fe 7 82cwt. ..| 1 8 6 
" 1482, «| 1 8 5 
** 1 40-pr. 85 & 32 owt. .. 8 4 
20,, 16 cwt. Ws 6 4 
12-inch, 43 tons .. 
10 » | .. .. 


| 
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CHAP. II. QUANTITIES OF PAINT AND LACQUER AUTHORISED FOR S.B. ORDNANCE- 


Quantities of 


Description. 
Paint. Lacquer, 
each coat one coat. 
Ib oz. oz 
32-рг., 17 сЁ. .. .. ee 6 
ronades | 24 ,, 18 2, аа vs ЖА 6 
65 „ .. .. 1 о 
Г Вав 60 p .. ЖЕР ЕТЕК. 
Bm. 7 5036 4 
118., 4. А .. 1 8 1 
68- 4 M o. cu. ы Lou 4 
84, ae 48 1 4 
42 , { бы м cu К 
63 ,, 5 t 1 2 
Я EL © Shs № 
56 „ . А à 1 2 
50 , .. .. і 0 
48 or 50 cut. š š 1 0 
1 9 


Ordnance, cast-iron, smooth-bore. 
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* This applies also to the 32-pr. S.B. B.L. gun. 
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The following are the proportions of lubricants and cleaning materials 


allowed annually for the preservation of guns when mounted :— 
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Should emery or other articles not mentioned in this list be required 
in certain cases, they will be supplied to Officers Commanding Royal 
Artillery on special demand, the purpose for which they are required 
being clearly stated in the requisition. Woollen rags and dressed fax 
will not be allowed. 

Officers in command of Royal Artillery districts may also demand, on 
the receipt from store of ritled M.L. or BL guns requiring to be specially 
cleaned and lubricated when first mounted on the defences, an additional 
supply of bath bricks, grease, hemp, and oil, in such quantities as may 
be absolutely requisite, not exceeding one-half the annual proportion. 
Less than one bath brick need not be demanded. 

In certain positions, such as those at the sea batteries at Portsmouth, 
where the armament is much exposed, the annual proportions of grease 
and oil may be increased 10 per cent. 


Browning. 

The operation of browning, which is applied to all guns for field 
service may be described briefly as follows :— 

The guns may be placed on two trestles, resting only on wood pieces 

in the bore, or on the cascable in the case of muzzle-loading guns. А 
warm workshop is required for this operation because browning cannot 
be done in the open air, for fear of frost and dust. 
.. First, all sights and fittings must be carefully removed, and the holes 
and sockets tightly жаумен. 1 up with wood. ‘his is necessary to keep 
the grease from exuding from the screw-threads and holes, which would 
spread over the surface of the gun and prevent the browning mixture 
from acting on the metal. The operations may then be described in the 
following order :— 

(1) The gun may be steamed for 10 hours; but if there are no 
appliances for steam it may be washed with boiling water, and raised 
to nearly the same temperature by pouring cans of boiling water 
upon it; after this it must bo washed with а lye of potash (1 Ib. of 
black American potash to 1 gallon of water) until the grease w рођак g: | 
removed. The object so far is to get rid of all greasy matter and oil 
which may remain on the surface of the metal ; hence the water should 
be as hot as the operator can use, who ought to rub vigorously all 
over the surface with a clean hard brush; a little hard soap may be 
used, and the water should be frequently changed. This scrubbing 
must generally be repeated several times, including the application of 
potash ; in fact it must be continued until perfect cleanness and 
freedom from grease is ensured. Care must also be taken not to 
touch the gun with any fatty matter, or even with the hands, for it 
may take hours of washing again to wholly remove the effect. 

(2) While warm wash with hydrochloric acid and water (equal parts 
if the acid is of full strength) to remove all old browning and oxide ; 
then wash with clean water, and thoroughly dry. This should leave 
the metal quite white. 

(8) When the gun is quite cold apply the browning mixture with a 
sponge on the end of a stick; let it stand for 12 hours, in the ordinary 
temperature of the summer months; then rub off the rust with fine 
scratch-card and brush. The browning mixture is composed of the 
following ingredients :— 

Tincture of steel .. ee .. 2 parts. 

Nitric acid. . .. .. .. 1 ” 

Blue vitriol .. és .. 1 
Spirits of nitre .. .. .. 1 ” 
Spirits of wine .. Sé ж 1 

Soft water vs .. .. 8 
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(4) Apply the mixture as before, let it stand about six hours, then 
rub off the rust. Repeat the operation six times, or more frequently 
if not perfectly successful each time. 

(5) As soon as the mixture has taken sufficient hold on the surface, 
the piece must be scalded with boiling water. If no tank is available a 
canvas hammock can be prepared by artificers in the manner shown by 
the accompanying sketch, taking care that there is sufficient room 
between the canvas and the gun to allow a good volume of water to 
lie in contact with every part. A good supply of boiling water must 
be provided, and there must be no serious check in p^ flow. Let 
stand for 15 or 20 minutes, and use the water then to take the chill off 
the next gun before scalding. 


iy ШЕ К... | 
4----- “ ТО 117 AN 
| = "| W. 
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(6) Lastly, when rubbed clean and dry, and carded almost то a 
polish, the gun should receive a coating of olive oil. 

The colour of the browning will mainly depend on sufficient applica- , 
tion of the mixture, good carding, and thorough scalding of the gun 
before the olive oil is put on. 

Care must be taken to sponge out and dry the bore well after each 
operation of steaming, boiling, or washing. 
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The following is a detail of the stores and ingredients allowed Меп- Stores and 
m 


nially for browning six 9-pr. or four 16-рг. R.M.L. guns :— 


for browning. 

Acid, nitric T T .. .. ог. 2 
Мите, spirits of .. .. si T „ 9 | То be mixed in 
Steel, tincture of.. .. % * » 4ptwo quarts of 
Vitriol, blue аа ав os .. » 2 | soft water. 
Wine, methylated spirits of .. * » 3 
Acid, hydrochloric .. .. T lb. 6 
Brush, shoe, hard “а Was элей 1 
Сата, scratch, on leather Zç .. ins.18 
—— fine .. .. +. sheets : 

ot в nge .. .. .. .. 
Coal их .. .. .. .. cwt. 6 
Pail, wood, water, barrack* .. ë 1 
Pan, earthenware, 6 quarts — .. .. 1 То be purchased locally. 
Potash, American .. .. “. 19.1 
Soap, hard .. .. .. .. » 1 
Sponge, water, $oz* .. 0. 1 
Strip, iron, browned to pattern tint* .. 6 


ы савио жан T 
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gredients 


Bronzing. 
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Preservation of Sights. 


—* tangent bars, trunnion sights, and all trunnion sight leaves are 
** blued.” 

Blueing consists simply in covering the surface with a thin film of 
oxide sufficient to give the article a deep blue colour, and to prevent 
further oxidation from exposure to the atmosphere. This is easily 
effected by well polishing the surface of the article, and heating it to 
about 580° when it assumes a blue colour, and then allowing it to cool 

ually. A sand bath is у used in order to obtain а uniform 
eat; the bar ог sight is taken out from time to time to watch the 
change of colour and to — its going too far. The temperature 
may be judged by the colours which successively appear on the surface 
of the steel at various temperatures, viz :— 

At 450° Fahr. the steel becomes a straw colour, at 475° an orange or 
gold, 500° brown, 530° purple, 550° violet, 580° blue, 610° 
white, and at 625° red. 

The exposed gun-metal portions of all tangent and drop sights are 
protected from the ега. of the atmosphere by *bronzing." Тһе 
operation is conducted as follows :— 

1st. Polish the well and heat over a spirit lamp or gas. 

2nd. Polish with a brush and blacklead, to remove all grease, &c. 

8rd. The bronzing mixture is then applied to the heated metal with 
a camel hair brush. It consists of— 

Bichloride of platinum .. T .. .. 2 parts. 
Соттовіуе Ме и .. .. .. ee 1 
Vinegar .. "T . 
4th. The parts are next a tue into boxwood sawdust to dry them, 
and then again polished with blacklead to give а body to the colour. 
The figures and bright portions are now marked out with а fileor emery 
cloth, and the whole is finally varnished with shellac and methylated 
spirits applied while the article is hot. 


. .. .. .. 1 ” 


| Preservation of Fittings. 

The breech-screw and brigis parts of all breech-loading guns, either 
in store or when rarely used, will be coated with a lubricant consisting 
of white lead and tallow.* 

When R.B.L. guns are not in use, the vent-piece and all the 


breech fittings except the breech-screw itself should be removed and 
laid by in store. 


Transport. 


_In preparing ordnance for transport, the breech fittings, sights, pivot 
pieces, elevating plates, friction tube pins, and, in fact, anything which 
would project beyond the surface of the gun, and be liable to inj 
during transport, should be removed, and the holes filled either wi 
preserving screws, or with plugs of tow and tallow. 

For land transport the smaller natures of guns are packed in jute bags 


* White lead 11b., Russian tallow 4 1b, In hot climates the proportion of white 
lead should be increased. ‘The materials must be thoroughly mized while warm. 
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and for sea transport іп boxes. Guns above 16-ргв., however, have no 
such protection. 

R.B.L. guns are issued, and may be transported about with the screw 
in the gun; all other parts being removed and packed in a box. 

B.L. at first had the breech-block as well as the fittings 
removed except in the case of the 4-inch and smaller natures of 
this type of gun, but the breech-block is now generally secured in 
the gun. The bore is closed with a disc or cylinder of wood set in 
grease composition; these pl should be left in the gun until 
mounted, even then = may often be useful to keep out the weather 


if Де is not req forfiring. They can easily be prised out with 
8 . 
R.M.L. axially vented, vide р. 162. Cascable and counterbalance. 
Repairs. 


Whenever the examination of a gun should involve any repair, or 
when the sights and fittings get dama in the field, it is desirable 
that the work should if possible be carried out on the spot; but there 
are man — which can only be performed at certain stations, ог 
in the Royal Gun Factory. In this chapter it is only intended to 
explain such repairs as а —— regimental artificer ought to be 
oe of executing under the supervision of an officer or an Inspector 
of Warlike Stores. 


Reventing R. M.L. or S.B. guns. 


Within the United Kingdom, reventing is performed by artificers 
sent out from the Royal Gun Factory, who make a tour of each 
district in the course of а year, except the southern and south-western 
districts, which are served by artificers from the Gun-wharf at Ports- 
mouth or — respectively. Abroad, certain stations and shi 
are provided with sets of reventing tools, and the work would 
carried out under the direction of а Firemaster Royal Artillery or 
Gunnery Lieutenant R.N., holding a certificate for this purpose. 

The operation of drilling out the old bush must be very carefully 
performed, for instances have occurred of the screw-thread being 
seriously , and in some cases the drill has been allowed to run 
во far untrue as to render a special bush necessary. 

The following instructions have been pre 

The gun having been conveniently levelled on the carriage, a piece 
of canvas is p on the breech of the gun, and the drill-post is then 
placed upon it (Plate A). The object of the canvas is to prevent the 
gun being marked or bruised, and to keep the drill-post from slipping. 

The wire, directing, is then passed down the vent channel and the 
screw of the drill-post adjusted directly over it. The drill-post is then 
made fast by passing the chain round the gun, fixing it to the base of 
the drill-post, and then firmly tightening it by means of the attached 
screw clamp. 

The drill, drifting, E (Plate B) is then placed in the ratchet brace and 
the point of the drill into the vent. The screw in drill-post is turned 
down on to the point of the screw in the ratchet brace, and then the 

of drilling out can commence. The drill should be taken out 
after each inch of drilling, the cuttings removed with a piece of bent 
wire, and the bole cleaned out with tow; after which an impression 
should be taken with wax to ascertain if the drill is cutting correctly.* 


% It is well to examine the cuttings to see that they consist solely of copper. 
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To do this a piece of wax composition* should be worked on the end of 
a stick sufficiently small to рия down the hole. On being pressed hard 
against the bottom of the hole and removed, it will show whether the 
channel is concentric with the direction of drilling ; should it be more 
on one side than the other (see sketch) the drill must be moved, the top 
being shifted towards the side with the broadest chamfre. 


The drills, drifting, are of different lengths to suit the depths of bush 
in different and should always be passed entirely through the 
copper into the bore, to loosen the cone at the bottom. 

he drill-post and chain are then removed from the gun, and the hole 
squared at the top, as follows :— 

Drive the drift F (Plate B) a little way down to mark the angles 
for squaring, and with а chisel (hand-graver's) cut away the metal at 


‘each mark until the hole is squared. 


Drive the shortest drift in with a hammer and unscrew the bush; it 
frequently happens that it comes out in pieces, to meet which case 
longer drifts are supplied, but the top of the hole must be squared every 
time. 

There are times when the bush is во tight that the drift cuts the hole 
round without unscrewing the bush; it is then necessary to erect the 
drilling machine again, and to put the drill, tapping B, down as far as 
the top of the cone. Тһе remainder of the thread of the bush can 
then be removed by screwing down the tap C, (Plate B), and working 
it backwards aud forwards on — Тһе сопе portion сап ђе 
removed by gently hammering the drift F (Plate В) into it and lifting 
up the shell of the cone. . 

Іп ай cases the tap С, is passed down to clear the thread, but саге 
must be taken not to drive it hard against the top of cone. 

The cone-rimer H (Plate B) is now passed down to remove the burrs, 
gently turning the wrench. i 

The hole is then cleaned out with tow. 

Before the insertion of a new bush it is necessary to observe the 
pitch of the thread on the old one. Some converted R.M.L. guns and 
many S.B. pieces were originally prepared for a bush with 6 threads to 
the inch, and all these must be revented with bushes of similar pattern. 
As a rule, however, the hole will be found tapped for a bush of 7 
threads to the inch. By comparing a piece of the old bush with a new 


. one, the nature of thread can be recognised. 


* Beeswax 2 parte, treacle 1 part, soft soap 1 part. 
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Cone Bush. 


A cone bush, will invariably be put in if possible. The new bush is 
screwed tightly down, and a gutta-percha impression is taken in the 
bore to ascertain the amount projecting within. 

e — аце on * re of * vent, the bush is taken 
out, cu е ап round, leaving the cone to project ve 
slightly, front and rear, as shown in the sketch. eS 4 


The bush is again screwed tightly down in its place and another 
impression taken; if correct, the top is cut off and finished. The vent 
is then rimed out by means of the armourer’s brace (Plate B) with 
the rimer to allow the vent gauge 22-inch to pass down. If the gun 
is for sea service the top of the vent must be opened with a special 
rimer which forms a cone to the depth of an inch. The operation 
completed by stamping an the top the letter Н, to indicate that the 
material consists of hardened copper. 


= 


With a Through Bush. 


The principle of through-bushing a gun is to tap or screw the hole 
йт икону doing away with the cone almost entirely and continu- 


Through 
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ing the thread into the gun, taking care however that the bottom of the 
hole is rather less in diameter than the top in order to enable the vent- 
bush to be tightly gripped. 

The copper bush having been screwed in and removed, as in the 
operation of cone-bushing, the cone-rimer H is passed through to 
make the hole the right size for tapping. Тһе depth of tbe hole is 
then measured and marked with chalk on the tap Су, which is gently 
worked down until the point of the tap is level with the bore of the 


ис” hole is now well cleaned out with tow. Then the through bush 
having been rounded at the end, and the Pops depth marked upon it 
with chalk, is serewed down ; care bein en not to put too much 
force on the wrench, which might cause the copper to break. 

An impression is next taken to ascertain if the bush be through. If 
not, а quarter of а turn at the wrench is taken at a time until it is 
found correct. Should the bush be too far through it must be taken 
out, the surplus metal filed off to a new button-head, and then re- 


B co 

e upper end of the bush is now cut off, and the top finished in the 
usual manner; the vent is rimed out to allow the ‘22-inch gauge to 
pass down, tbe bush is prepared for sea service if necessary, and finally 
it is stamped with the letter H. 

The bush is made wholly of steel, & gas-tight joint being obtained 
by means of а shallow mushroom head to the , and a thin disc of 
copper intervening between the head of the vent-bush and the metal 
of the gun. Тһе vent-bush is made in two lengths, the lower half (C 
being inserted from the interior of the bore by the aid of а specia 
instrument. A double key ring is then down the hole, one 
feather of which fits into & feather-way in the metal of the gun and 
the other into the bush, and thus prevents the lower half of the bush 
(C) from turning in the gun. The lower bush has to be held in position 
until it is screwed tightly up by means of а spanner appli to the 
hexagon (E)on the upper bush (0), в small copper disc having been 
previously placed in the top of the lower half, a hollow plug (F) in 
the upper portion is then screwed tightly down on to the disc, thereby 
sealing the joint at the junction of the two parts. 

In order that the service quill friction tubes may be used, a block 
(9) ів secured to the gun by two fixing screws, into which the “ріп 

riction tube” is screwed. | 

Тһе Pe which will probably be first affected by the action of the 
gas will be the middle joint of the two bushes, and if the escape of 
gas at this point is not of a serious nature it may be rectified by 
screwing the plug (F) down tighter. 

The vent will probably last for about 100 rounds; but it should be 
taken out occasionally and examined by holding up to the light, and 
if it is found to be much eaten away another one should be subetituted ; 
but should the metal of the bush have been eaten through and the gas 
have corroded the gun, the defect, if small, is of no importance. 

To remove the axial vent-bush of these guns: take off the socket 
“supporting vent-bush,” remove the “nut vent" with the wrench 
supplied for this purpose; the double key can then be taken out and 
the bush pushed forward on to the cradle which must be passed down 
the bore to receive it. Before passing the new bush down the bore 
insert the shank of the acorn guide in the vent, place the bush on the 
cradle and when in position secure it with the double key and nut, and 
the socket may then be replaced. 

In the 16-inch gun the * socket supporting vent-bush " is attached 
to the breech of the gun, but in the 12:5-inch, gun it is attached to the 
interior of the shutter. 
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Conv.ried Guns, 


S.B. guns converted to rifled guns on the Palliser system are bushed 
in a special manner, viz., by using a through bush of sufficient length 
to project into the bore, and by upsetting the projecting end into a 
countersunk recess prepared in the gun. 

The old bush is drilled out as already explained, arranging the drill- 
post, however, in this case at the angle of inclination of the vent. In 
removing the shell of the bush, the last piece should be unscrewed and 
allowed to drop into the bore. 

Special bushes are supplied for these guns, but a common through 
bush, 12:5 inches in length will answer equally well if the scréw-thread 
is turned off at the point for about a quarter of .an inch: the bush 
is screwed in by hand and by means of a lever wrench. To insure 
that only the required amount projects into the bore, в “block stop for 
vent” is ed into the chamber. This is an iron block attached to a 
bar, and having a portion slotted away of the depth sufficient for the 
projecting part of the bush to fit into; the bar is kept in centre of the 
bore by means of two wood discs. 

When the end of the bush comes in contact with the bottom of the 
slot on the stop-block, the operation of screwing is discontinued, and 
the projecting copper “ upset” into the recess as follows. 

A split head or “ expanding block” of wrought iron, fitting the shape 
of the chamber, is pushed into the latter by means of an instrument 
called an “extracting hook” which is used for extraction afterwards ; 
into that of the block immediately under the bush a piece of bard 
steel is dovetailed. Ап iron tube called a “ guide cylinder " (the inner 
end of which fits over the expanding block) is next passed арчи ђоге, 
and through this guiding tube is passed a воћа iron wedge, which bein 
forced into the expanding block presses out the sides of the latter, an 
so sets up the copper into the recess in the cup. The wedge is attached 
to a stout iron bar, the outer end of which is struck by а“ hammer- 
monkey,” slung from в 10-foot iron gyn placed in front of the muzzle 
and worked by two or three men, as a considerable amount of power 
is required for setting up of the bush of hardened poppen 

To keep the bar to which the wedge is attached im the centre of the 
bore № passes through а “ wood collar,” and also through the centre of 
a “cross-bur” in front of the muzzle, which is retained in position by а 
frame consisting of two rods with loops fitting over the trunnions and 
secured by nuts and screws to the ends of the collar. 

When the copper is sufficiently “ set up,” the bars are loosed from the 
collar, and the ue removed. The wedge &nd eps guide are 
then withdrawn and the expanding block removed by the hook, after 
which a gutta-percha impression is taken of the bottom of the vent to 
ascertain if the operation has been performed correctly; in that case 
the copper should still project into the bore for about 0-05-inch. 


INSTRUCTIONS FOR Ке-СОРРЕКІХО B.L. Guxs WITH Cup OBTURATION.* 
Removal of the old Copper Ring. . 

А gun-metal guide (А), similar to the breech-screw, is placed in the 

. А hollow spindle (B) passes through the centre, carrying on its 

end a steel block (K) of a little less diameter than the bore of the 

A slot is cut in this block, in which is placed the cutter (cutting 

out old copper No. 1 or 2). The depth of cut is regulated by a 


* For list of tools issued for each nature, see p. 364. 
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feed spindle (C) passing through the hollow архин, having an undercut 
inclined p on that portion in contact with the base of the tool, and 
a screw-thread on it sother end. Over the screwed part works a capstan 
head (D), by turning which the spindle can be either advanced or with- 
drawn, the cutter peng compe to follow the inclined plane by reason 
of its base being fixed by the undercut slot. 

The feed motion for the boring blocks is given by the hexagonal nut 


(Е) 


FIG. I.—(CUTTING OUT OLD COPPER RING.) 


` J РРА ООО 


NY алма. Toa. 


A toothed wheel (F) is fixed to the outer end of the hollow spindle. 
On the base of the guide block a bracket is cast, to which is screwed 
the pinion shaft (G). A pinion with handle R in placed on this shaft, 
and gears with the toothed wheel. The guide block having been placed 
in the gun, the block with its cutter is brought immediately under the 
copper ring, when the nut (E) is screwed home—if there is any feed оп 
this nut the gun will be — The pinion is shipped оп the bracket 
and the toothed wheels brought into gear. On turning the handle, the 
block and tool revolve, and the co | is cut by the feed D. The cutter 
first employed is only half the width of the copper ring; after half the 
ring is cut through, the tool is changed for one the same width as the 
copper. After the second tool has cut through the ring only the copper 
shell ja left in the gun, and this must be carefully removed by the afd 
of a piece of metal bent to a convenient form to prise the ring out with. 
A slot is cut in the “ block guide” to allow water mixed with a little 
soft soap to be injected with a syringe to make the copper cut freely 
and prevent tearing. 
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Placing the New Ring. — ah 
The new ring which fits loosely is now placed in the vacant groove. 
In order to set it up and make it fit А 8 ганч circular ү 
expanding No. 2 in three parts), com of three segments, an 
es в tapered hole in its centre, is placed inside the copper. ' Into 
the hole in the centre of the segments is placed a drift (for block 
expanding No. 2) and smartly struck with a sledge hammer: this forces 
the segments outwards and presses the new copper ring into the 


groove. 


FIG. II.—(FOROIKG NEW RING INTO GROOVE.) 


The segmental block is now removed, and a roller block (No. 8 
of the following construction is put its place. This roller bloc 
has а tapered hole in its centre, and carries in recesses іп the 
annular portion three steel wheels, having а large outward and inward 
play on their axles; these wheels project beyond the circumference of 
the disc, and also into the tapered hole through the centre. A tapered 
spindle pe block roller No. 3) is driven hard into the central hole, and 

e steel wheels are consequently set out against the copper ring. A 
lever is now put through a hole in the outer end of the spindle which 
is turned for about 10 minutes, being kept tightly in the while by 
hammering; this further forces the copper into the groove. To 
remove the tapered spindle it should first be loosened by striking it 
sideways with a hammer or mallet. 


өр 
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FIG. IIIL.—(EXPANDING NEW BING.) 
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END VIEW —- 


The roller block is now removed, and the boring up of the ring 
commenced (Fig. IV). The guide is again i , but the former 
cutter block is now replaced by the boring blocks 4, 5, and 6, in 
succession, which are fed up by the nut (Е). (Fig. 1). When the гіп 
has been bored up to within a few thousandths of an inch of its finish 
dimensions by means of the block (before proof, boring, No. 5), the 
gun is fitted with the breech screw with an obturator cup of slightly 
smaller dimensions than that of the service pattern (marked “ Proof”), 
and a couple of rounds with blank charges are fired to further set up 
the copper; after which the ring is finally bored up to its proper size, 
the block (finish boring, Хо, 6) now carrying 14 knives set to their 
proper position for finished boring (see Fig. IV, p. ЭН 

In using the boring blocks, Nos. 4, 5, and 6, should the copper ring 
not be bored entirely through, a washer should be cut out of a piece of 
paper tin, and placed behind the cutter-blocks, which will give them an 
increased forward motion. 
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FIG. Iv.—(BORING.) — 
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Fig. V is intended to show the copper ring (6-inch) after completion 
' of the work; it exhibits the projection of the copper over the steel 


surface. 
FIG, V. 6 22 
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Facing Operations for R.B.L. Guns.* 


Detailed instructions are contained in the boxes of implements issued 
for refacing and ге а кш the орк ring on vent-piece and the 
copper breech-bush. In the operation of refacing, only just sufficient 
metal should be removed to render the angle face quite smooth and true. -. 

For renewing the breech-bush a bearing, which is called the powder Biar Ae 
chamber guide-block, is pat into the bore in front of the bush for the breech-b 
boring spindle to work in. (See a, Fig. 1, p. 852.) The face of the 
breechi-büsh which is to fit against the A-tube is coated with red-lead, 


* For list of tools issued for each nature, see р. 865. Vide also Appendix, p. 882. _ 
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and the bush is screwed into the gun (Fig 1) as a trial, and on bein 
unscrewed, if the red-lead shows that the bush does not fit evenly 
round, it is scraped or filed down on the high parts. It is important 
that the face should fit perfectly tight to the barrel, for if the slightest 
space be left, the powder gas will eat into it. On being screwed in 
finally it is sent well home by striking the lever with a handspike. The 
ring is then upset with the upsetting block G (Fig. 2); it is next 
bored out, the spindle is introduced through the breech-screw, with two 
анин іп the screw, опе in front and one behind, and the knife is 
ed through the spindle by inserting the hand in the slot ; the spindle 
is turned by a wrench and fed to its work by means of the breech-screw. 


SCREWING IN BRLECI-LUBH, 
(Fig. No. 1.) 
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After boring, a different tool is fitted оп to the spindle, and the copper CHAP. II. 
18 faced to within “08 of an inch of the face of the A-tube, the cone part = 
being left “15 broad. (See Figs. 8 and 4.) 
BORING AND FACING DREECH-BUSH. 
(Fig. No. 3.) 
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ANGLE-FACING BRRECH-BUSH. 
(Fig. No. 4.) 


* The vent-piece copper ring сап be repeatedly refaced until the angle 

face and the back edges meet. The operation of refacing is shown in 

Figure No. 5; the facing tool in this case is concave, but in other 

respects similar to that used for refacing the breech-bush. When there Refacing 

is insufficient copper left in the ring, it can be removed by striking it a Yent-piece. 

few smart blows with a hammer on the cone face, when the ring is во 009! е 
С) 
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much expanded that it flies off. The new one is put on by hand, and 
the vent-piece having been placed in the gun face to the rear, the ring 
is forced on by screwing up the breech-screw. It is necessary to place 
one of the guide blocks in the face of the breech-screw to prevent its 
injuring the copper. 


ANGLE-FACING VENT-PIECE RING. 
(Fig. No. 5.) 
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Re-bushing 7-іпсл R.B. L. Guns. 


The re-bushing of 7-inch R.B.L. guus is a more difficult operation 
than that of copper-bushing the smaller natures, requiring a gang of 
men: it would be performed only at large stations and arsenals at home 
or abroad, where the necessary tools are provided. 

The set of implements is given at p. 365. Тһе tools are similar but 
much stronger than those of the smaller sets, 


Re-bushing а Vent-piece. 


In a workshop there is generally no difficulty in boring ont the old 
copper bush in a vent-piece with the drill —— for this purpose, but 
in the field а bearing must be devised for the head of the drill, and this 
can be managed in the following manner :— 

Lash one handspike firmly across the top of the wheels, and on the 
middle of this lash another so that the point projects over the trail. 
Tie a steadying cord to the handspike with each end made fast to the side 
of a wheel, The vent-piece must be tightly screwed up in the gun, and 
the ratchet of the drill should be se tat full height before commencing to 
work, with a small plate of iron between the drill-head and the hand- 
spike. The point of the handspike must also be tied down to the trail, 
and pressure on the top of the drill can be maintained by means of а 
Spanish lever. Care must be taken to drill right down to the bottom 
of the — before removing the screwed piece at the top, otherwise 
some difficulty will be found in removing the lower pieces, The bush 
will be renewed from the spare ones issued for this purpose, and the 
upper surface will be finished in exactly the same manner as the copper 
bush in a muzzle-loading gun. > | 


оо || 


PRESERVATION AND REPAIR OF ORDNANCE, 855 


Repair of Sights. 

(1) Method of adjusting a new muzzle-sight on an R.M.L. gun. 

This operation may be performed on a 7 or 9-pr. gun, or on a 64-pr. 
conve gun of 58 cwt. 

The damaged sight is first removed with a wrench supplied for this 
purpose, and а new sight with a square leaf or top is screwed tightly 
in, taking care that the direction of the leaf is parallel to that of the 
axis of the gun. 

The gun must now be levelled in the bore, or its inclination obtained 
by а quadrant, and the rough sight ін filed down until a straight-edge 
applied to the tops of the hind- and fore-sight is parallel to the axis of 
the piece, the hind-sight being carefully set at zero. This ensures 
correctness as to elevation. 

The radius distance (obtained from a table) should then be measured 
from the back of the hind-sight, but in these small sights it may be 
considered sufficiently accurate to take the centre point of the leaf. 
The sight being next removed from the gun, the front and back slopes 
are filed down in a vice, taking care to leave a narrow part of the 
surface which has just been adjusted for height. For direction, the 
vertical lines on the muzzle are carried up by means of a straight-eage, 
and a silk line is stretched from. this to the notch on the breech, 
and the side slopes filed so as to leave the highest point immediately 
шон the silk line. Finally the back slope is roughened with a cold 
chisel. 

With the 64-pr. gun the hind-sight must be raised to its clearance 
angle instead of being placed at zero, and the height and direction of 
the sight on the muzzle must bring all three sights exactly in line. The 

sition of the foresight will be found to lie on the right of the vertical 
ine des the face of the muzzle when looking over the gun from the 

reech. 

The new sight should be blued before it is finally ecrewed into the 
gun; and the accuracy of its adjustment should always be tested again 
after the work is completed. 

(2) Method of adjusting а screw trunnion sight on an R.M.L. gun. 

Generally а new leaf can be fitted to the pillar of the old sight, but 
spare sights may be used if the pillar itself is damaged. The new sight 
in any case must be first screwed on to the gun with the rough leaf 

‚ parallel to the axis of the piece. 

There are two ways of carrying out a repair of this kind in the 
field :— 

(a) By laying the with its undamaged sights on some distant 
object, say not less than 2,000 yards off, for the distance must be 
sufficiently great to render the angle subtended by the breadth of the 
gun immaterial. Then file down the top of the leaf of the new sight 
until exactly in line with the object when looking over the sights on 
that side. 

File the front and back slopes for the radius distance which may be 
found on the other side of the gun ; then file also the sides very carefully 
until the apex covers the object on which the gun has been laid. Re- 
move the sight to а vice to rough the back slope ; bluethesight, screw 
it into the gun, and if correct mark a curved line with a scriber on the 
pillar of the sight just level with the surface of the gun, as a guide for 
replacing it if taken off for transport or drill. 

(5) Second method :—In hazy weather, or when no distant point can 
be seen, another plan may be resorted to, which is more suitable for а 
workshop, and requires more time and cere. 

ш; = sight with rough leaf has been properly ыг ішіо (һе 

0.0.) 2A 
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gun, its height can be adjusted by filing until a straight-edge placed on 


‚ it and the hind-sight is seen to be parallel to the axis of the bore. Care 


must be taken that the hind-sight is set exactly at zero and this will 
give the height of the other for а full sight. 

To obtain the adjustment for line it is necessary to stretch a silk thread 
through the notch of the hind-sight equidistant both at muzzle and 
breech from the vertical plane through the axis. То do this & disc of 
wood must be wedged in the bore with a small slip so pivoted on it 
that one edge planed perfectly straight can be made to coincide with 
the vertical line on the face of the piece. To this upright a cross-piece 
must then be attached with its upper edge (planed straight) set at 
right angles with a T-square to the vertical edge. 

To find a point on the cross-bar equidistant with the notch on the 
hind-sight from the line of metal or vertical plane through the axis :— 
take another slip of wood and shape it so as to rest on the breech 
touching the tops of the hind-sights: on this mark the position of the 
line of metal and centre of the notch of the sight. Transfer the piece 
of wood to the muzzle, and apply the “line of metal mark” to the 
vertical edge of the cross-bar ; the other mark will then give the 
lateral distance at which to attach the silk thread. Stretch a line 
thence to the hind-sight: this line will give the direction for com- 
pleting the adjustment of the sight. - File and finish as already described, 


Method of adjusting a screw trunnion sight on a B.L. gun. 

Sighting instruments are only issued to certain stations, so it may be 
found necessary to adjust a new sight without them: this may be done 
by making wooden copies of the proper instruments, and using them in 
the manner which will now be described. 

The requisite materials are :— 

Two blocks or discs of wood to fit into the breech and muzzle, 
with wedges to jam them firmly in the bore. 

Two rectangular pieces of wood long enough to project beyond the 
tangent sights on either side, and of such width that the upper edge 
shall be level with the top of the tangent sight when the lower ей 
coincides with the line of horizontal axis marked on the breech of the 
gun. 

Four screws and a few tacks, to fasten these pieces together and to 
the discs in the gun. 

А silk or thread line. 

The object of the operation is to obtain a line on either side of the 
gun through the tangent sight notch parallel to the axis of the bore. 

(1) Remove the breech-screw and fasten the breech and muzzle discs 
in the gun securely by wedges; а chip must be taken off of each disc 
for the wedge to be inserted to jam the disc in the bore. ° 

(2) Fasten the two rectangular pieces together and plane their lower 
edges а $ (as in figure) perfectly level, and square with the sides of the 


e 7 


а ~ а 


boards, treating them as one piece of wood. Then square up a line c d 
near the centre at right angles to a b, and cut.away the wood on опе 
side in order that the straight-edge c d шау be applied to the vertical line 
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on the breech of the gun. Тһе upper portion of the line c d must be cut 
with great care во ав to be true for either side of the board. 

(3) Now place a $ against the horizontal line on the breech, and test 
with the point of & knife to make sure that c d coincides with the 
verticalline; then fasten the boards by two screws to the disc in the 
breech of the 

(4) Cut away the top of the boards until level with the notch of the 
tangent sight; the left side e g will require to be cut away more than 
the right. Formerly the level was taken from the bottom of the notch, 
but for a © full-sight" the straight-edge should be just laid on the top. 

(5) Then with a rule or a T-square (if there is one) mark a line say 
at з on the top of the two boards opposite the centre of the notch of 
the wind sight on the side which requires repair. 

(6) Remove the boards from the gun and separate them, fastening 
one at the breech and the other at the muzzle; taking care to adjust 
them to the horizontal and vertical lines on the gun. 

(7) Stretch a silk line from the mark s on the breech board to the 
corresponding mark at the muzzle: this should pass through the centre 
of the notch of the tangent sight; if not the line must be shifted, but 
care must be taken to move the line the same amount at both ends во as to 
keep it parallel to its original position. This line will be parallel to the 
axis of the gun. 

(8) А new trunnion sight (or the old pillar with a new leaf) being 
placed in the and adjusted with the leaf parallel to the silk line, 
the top is filed down very carefully to the level of the thread. In doing 
this it is usual to raise the line at one end by placing а piece of paper, 
folded two or three;times, between it;and the board: when one thick- 
ness of paper only remains, the line should just clear the leaf, and when 
this is removed it should touch. 

(9) The poen of the apex of the new sight is obtained by the 
length of the radius distance for the particular nature of gun. The 
apex is not in the centre of the leaf except in 6 and 9-pr. screw guns. 
It is usually found in в practical manner by cutting а template out of 
sheet tin to fit the pillar and slopes of ап undamaged sight: the ішег- 
section of the two slopes should be a trifle higher than the top of the 
—* leaving а small portion of the surface intact by the file when 

justing the height. 

(10) ove the sight from the gun, and file down the back and 
front slopes in а vice. Тһе length of slope is not really important if the 
apex has been rightly determined; but it must be sufficiently long for 
the sight to present only a point to the view when laying the gun at its 
highest elevation. 

(11) Replace the ‘sight in the gun and file the lateral slopes, so that 
· an edge is obtained under the silk line, taking care that the top of the 
leaf is not made too sharp, as that would render it liable to injury. In 
the case of a screw sight, a curved line is then marked by a scriber on 
the outer side of the pillar to show the level of the surface of the gun, 
and the position of the sight when screwed home. 

12) Once more the sight is removed for the back slope to be roughed, 
and then it should be blued before it is finally fixed on the gun. 
Adjustment of a new leaf in a drop-sight, M.L. or B.L. gun. 

This operation may be required for either M.L. or B.L. guns, It is 
very — simpler than those already described, as drop sights are 
interchangeable. The damaged; leaf must be removed and а new опе 
affixed to the gun-metal pillar by a small screw, the old screw will most 
likely answer for this purpose again. ; The height can then be deter- 
mined by means of а silk thread stretched from the — of the 

A 
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tangent sight to a piece of wood pivoted on a disc in the muzzle, its 
position being regulated by the top of an undamaged sight temporarily 
placed in the socket. This thread will also вірріу the direction for 
the slopes of the leaf, if care is taken that the silk thread not only 
just touches the good sight, but also passes over the centre of it. 

he radius distance or position of the point is marked on the leaf, and 
the slopes are then fled as described in the case of a screw-sight. 
The leaf should be removed afterwards for roughing and blueing ; and: 
the tests for adjustment should be once more applied when the work 
bas been altogether completed. 


То replace a broken clamping screw. 


The mill-headed screw which is sometimes employed to clamp the 
tangent sight in R.M.L. guns may possibly be broken off near the head ; 
it can, however, be replaced in the following mauner :— 

Remove the small screw marked A in the figure on the next page 
for а 9-pr. R.M.L. gun, which secures the steel patch marked B; then 
drive out the latter in the direction of the cascable by means of & mallet 
and copper set. Now apply а hard piece of wood to the bottom of the 
Socket, through the hole bored in the gun for the reception of the sight, 
as shown by the arrow, and drive up the gun-metal socket out of the gun. 

Take out the broken screw through the hole in the front or muzzle 
side of the socket (it cannot be withdrawn any other way) and replace 
it by а new one, taking care that the swivel-nut is in proper position ; 
the curved face of the nut should be lengthways in contact with the 
tangent bar when placed in the socket. Put the socket back in the 
gun, and make it secure by reversing the operations of extraction. 


Adjusting Millar’s sights of a S.D. gun. 


The gun ш been carefully levelled laterally across the trunnions, 
and longitudinally in the bore, the fore- and hind-sights must be 
adjusted so as to fulfil the following conditions :— 

186. They are to be the exact distance apart, according to the short 
radius given in Table XVI, р. 108. 

2nd. When the scale is at zero the line joining the top of hind- and 
the top of fore-sight must be parallel to the axis. 

8rd. When the scale is raised to the full elevation marked on it— 
that is, to the “ clearance angle "—the top of the scale, the apex of the 
fore-sight, and the highest point on the muzzle of the gun must be in line. 

4th. The line of sight must be made to coincide exactly with the 
same vertical plane as the line of metal. 

A dummy fore-sight is laid on the gun over the second reinforce. 
aoe Ass is then adjusted by hand until the conditions are 

ed. 

The angular level is used to bring the hind-sight to the angle of 76°. 
The positions for the hind-sight screw holes are then marked with a 
scriber on the gun through the holes previously drilled and punched 
through the sight block and lead packing. 

The holes are drilled with the instrument called “ machine drilling 
hind-sight,” and care must be taken to drill the holes perpendicular to the 
face of the sight-patch, so that the heads of the screws may rest 
fairly on it; the holes are then tapped. 

The hind-sight being fixed, the scale is raised to a little more than 
the clearance angle, and & silk cord stretched from the notch on it to 
that on the muzzle. The real fore-sightis now adjusted so as to bring 
its цор under the silk cord at the proper distance from the tangent 
sig 

The position of the fore-sight screw holes being marked, they are 


I! ный жек сам 
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drilled and tapped, and the sight screwed оп. The head of the sight is 
then filed down to the proper height, and the position of the ridge being 
marked, it is unscrewed, and the side slopes filed down. When again | 
screwed оп, the sighting is tested to ascertain whether the whole of елі 
the conditions are fulfilled.” , і 
The sights and lead packing are then marked with the number of the 
to which they have been fitted, and the screws are also marked 
or their particular holes, 
When guns are mounted, the sights are removed from the piece to 
be kept in store, and the screw holes are filled with preserving screws, 3 
but these аге to be taken out when the guns аге shifted, as the screw E 
heads are liable to be broken off ; the holes are then filled with tallow 
and white lead composition, or simply with tow and Е | 
Some tables аге pre on the following pages of the tools and > 1 
— required for the various operations which һауе just been 5 
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TABLE XLI. 


Toors, Rg-coPPERING, B.L. ORDNANCE. 


Desoription of Store. 


Guide, with pinion-? 


Сир, obturating (expanding copper ring) 


| 
handle and tommy 1 1 1 
No. 1, with 2 cutters .. 1 1 1 
No. 2, in 8 parts .. ва 1 1 1 
Blok*.4No3 — — ЫШ oi 1 1 
No. 4 .. 1. 1 1 
№. 5 .. 1 5 1 1 
№. 6 1 1 1 
1 1 1 
Drift, for block No. 2 ,. me 4% 1 1 1 а Common 
Spindle, with lever, block No. 8 WE a a а to all 
Wrenches (for feed nut) .. .. 1 1 1 natures. 


Хотт.--Тһо stores for each nature of B.L. guns are of the same pattern, differing 
ouly in size, except those marked (а) which are common to all. 


... 
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TABLE XLII. ОНАР. П 


Lisr of Кастна ЇмргЕМЕНТЗ for R.B.L. Guns. 


6-РЕВ, 


In а box, with hinges and hasps, жарығы» 
with two keys. 


32 & 9-Prs.-- 


In а box, with hinges and hasps, and padlock 
with two -— 


No. of 
Letter. each. 


e 
— 


bush copper | rough boring E 528 


in breech screw оо es Guard, wood, for vent piece (02.02. 
Guides, 4 in u poras chamber .. 29 " : Е 
wood (block (block upsetting), two parts... 


Koy, p for fizing cutters e о 4. 


in breech screw  ... ө m 
Guides = = 3:125 diameter m 
Pinch, for Pin tn spindle A. quer м 


wood (block upsetting), two parts 

| Key, for fixing cutters - 
Lever не оне © 
Рипеһ, for раш spindle аа 5% вы 
Spindle ... .. ove ace ... .. 
ashers, stop .. - °... .. 
Wrenches, for stop washers .. oe w 


БҮЛЭН 


тв, stop " i 
Wrench for stop washers - өөө eee 


оп»чшоншшет tQ U g че 
— — 


20-Р83. | 40-ғвв. (See Мотв.) 
In a box, with hinges and hasps, and padlock In а box, with hinges and hasps, and padlock 
with two keys. with two keys. , 


breech angle facing ёс њу әр № 1 anglefacing ... | G 1 
Blocks] "Sh | boring (894 Шавниг 2| 12 | 1 "Pu. | boring} 496 diame z- в |1 
Е tero sn Jus 4 е 
эж о «| G | 1 |Бюйе copper screwing ~ | E | 1 
pe upsetting ... ee . M 1 | М 1 
vent-plece ring, angle facing wi № 1 vent- ece riag, an ‘angie ‘facing | H 1 
Cutters, breech cutting out ... г” А P 1 Collar, for motion.. T өөө ° во 2 
beak o facing... |... .. o| 4641 2 = | Cutters (in block) “4  -. | D 1 
pper (rough boring | 27. -| H 1 эми ЖИН А1 | 1 
Guard, wood, for vent-pioce ... se . P 1 Guides — oU 0 PH AS 1% 
in breech-screw 5 с 2 expanding, іп powder chamber...) С 
Guides, } in powder (3875 diameter — ..| Бі 1 wood (block upsetting), two paris | N 1 
chamber 3:94 diameter.. .! D2 1 Handle to hold blocks in vent chamber «| P 1 
хай wood (block upsetting), two parts, 8 1 Lever 02. .. әзі += и 7 i 
ey, for fixing cutters cutters Ocks.., ... .. 
Lever © x OB 1 | Panch, foripininsptdle .. о" 2] L 1 
Punch, for | pin in spindle oo -. | № 1 indie .. 6 се сео 6. | I 1% 
Spindle v т .. °. = А : ween Pry ae m - m 9 le 
'ashers, sto on .. .. Te! stop washers .. .. ... 
Wrenches, for stop washers 220002002) 0 2 


7-INCH. 
In а бог, with tray, hinges and hasps, and padlock with two keys. 


No. 01 | - No. of 
Letter | each, š Letter. | cach. 
cutting out, boring, G 1 мм. breech-scfew — .. . С 2 
breech facing, tapering, and Guides orm in powder chamber | Di 1 
Blocks bush angle facing. Handle to hold bi in yent chamber ..| Р 1 
Iron мч іп, and rough Fl 1 Lever өө в «| В 1 
Punch, for Pin in з spindi ese eloN 1 
vent-plece, =" facing .. .. К 1 que .. > «| А 1 
Cutters”... ... .. HH — Washers, 8 stop ove ... J 2 
Cutters (cutting out, thick iron. ... R? 2 | Wrenches, for stop washers . Ps wd Ж 1 
breech bush) thin iron 2 .J Ei 2 
Guard, wood Nor vent-piece) . өө | © 1 


Мотк-Т set of 40-pr. Facing Implements is the new pattern; the old pattern, which is not to а. considered 
obsolete, consists of the same ariki, ith the omission of those marked *, and the insertion instead of the “ Gnido 


expanding," Guides in powder chamber 74:36 diameter C 1—1. } Bee "Changes in Patterns," $ 1078, No. 6. 


СНАР. ТІ, 


566 PRESERVATION AND REPAIR OF ORDNANCE. 


TABLE XLIII. 


біонтіне Toots for Бмоотн-Вове ORDNANCE. 


Articles. 


Battens, sighting, wood 
outside .. (ша 2 


smith’s. . .. .. " .. 
Braces. 55 ** 1 drilling, hand .. e^ ра 
Cases, wood, spirit level ,, .. .. .. .. 


Chisels, cold .. _ ..ј ft, 8 inches by Linch .. 
graver s .. .. .. 
Drills (set of 3, 1-іпоһ diameter) а њ и 


Hammers, fitter’s, 8-02. .. .. .. .. .. 


Levels .. е .. 3 plumb for battens .. .. 
ridge (with lead f large .. 
plummet) .. small .. 


Machine, drilling (with chains complete) a — 
Plummets, sighting imd 57) . yi 
Pu ** | lead (for levels, bridge) ян 


Punches (steel) ~ ual ў inch by 7 inches * 
Бетіһеге .. T .. .. .. .. 
RT. an ко w u a w p 
T-square (steel) .... T .. .. .. 


саттопаде .. .. «» 


Taps, sight, screw — .. gun .. 54 .. .. 


Wrenches, tap, sight, screw $e 4” T .. 


ма Q к нь MR ыыы м о - ә ыы ны ны 
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8 lengths. 


Do. 
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_Insrructions For RE-FILLING GRADUATIONS ім METAL GRADUATED 
Arcs AND ELEVATING Авсв. 


1; When the colouring matter in the graduations on metal graduated 
arcs, and elevating arca, mes removed by wear, &c., the graduations 
. will be re-filled locally, according to the following instructions. The 

operation in the case of arcs in charge of the Royal Artillery will be 
carried out by regimental artificers. : 


(a) Arcs, metal, graduated, 


Take up the segments required to be re-filled. 

Clean the surface with pumice stone and water, and carefully dry it. 

Fill the marks with engravers’ black wax, and the figures with 
engravers’ red waz, both in a powdered state. 

Heat the arc until the wax is melted, taking care it does not boil, and 
allow it to cool ually. 

When cold, rub off any superfluous wax with pumice stone and water 
and replace the segments. 


(5) Ares, elevating. 


Remove the arc from the gun. | 
шин the graduated surface with turpentine to remove any grease ог 
oil. 
Coat the surface with ordinary black paint. 
When dry, coat the surface with the composition supplied (which 
consists of patent knotting that has been thickened to the consistency 
ы thick paste, by means of dry lamp black, carefully worked into the 
notting). 
бэ o the surface with pumice stone and raw linseed oil. 
The pumice stone used should be large, and have a flat surface. 
2. Stores in the following proportions will be required for this service, 
and will be issued on demand, viz. :— 


For 5 segments of arcs, metal, graduated. 
т, , red. . .. .. Ib. 
Wax, engravers Ее ыг 32 1 » 
Stone, pumice .. .. .. .. 2, 


For 5 arcs, elevating. 


Paint, black .. 5% XC es 5, 
Composition .. .. .. vis $» 
Stone, pumice .. “4 ve = $i 
Oil, linseed .. .. .. .. 3 pints 


СОНАР. II. 


— 


Wax. 


Paint and 
composition, 
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PART IV. 


‘CHAPTER Ш. 


ANNUAL AND SPECIAL RETURNS. 


Annual returns.—Direction for completion.--Blank forms for В. B. ordnance not 
required.—Special returns.—Return of ordnance that have fired the prescribed 
number of rounds.—Army Form G 869 for В.В. ordnance.—Army formXG 
872 for R.M.L. ordnance.—Army Form Ф 925 for B.L. guus.—W.O. Form 
1478.—Memorandum of Examination. 


Аммуат, Returns on Army Forms G 869 for S.B., G 872 for R.M.L., and 
G 925 for B.L. ordnance will be sent yearly by Officers of Artillery in 
command of districts (except in North America) to the Director of 
Artillery and Stores on the 186 June. Those from North American 
stations will be furnished on the 1st November. 

Officers таи vessels of war of every description having 
guns on board, and likewise Royal Marines, Royal Naval Reserve, 
and Coast Guard having ordnance in their charge, will furnish similar 
returns on Ist January, through the Admiralty, to the Secretary of 
State for War. 

These annual returns are forwarded to the Superintendent Royal 
Gun Factory for record and report if necessary. The forms are 
appended to the end of this chapter. 

t is necessary for the identification of guns that the register number 
and descriptive marks should always be very accurately entered in the 

The register number will be found on the left trunnion in all R.M.L. 
ordnance (except in the 7-pr. guns, when it will be found on right) and 
in all R.B.L. guns; but on the right trunnion of all other natures 
of B.L. guns except the 82-pr. S.B.B.L. guns, in which case it has been 
placed on the left.* Іп smooth-bore cast-iron ordnance the register 
number will generally be found on the reinforce. 

The numeral of pattern or mark is engraved on the left trunnion in 
nearly all natures of ordnance, but with the B.L. of new type, the 
calibre, number, and mark are all placed together on the right. In 
some cases а letter will be found instead of, or in addition to, the 
numeral of mark. Letters on S.B. ordnance indicate the foundry where 
the guns were cast; these were usually placed on the right trunnion. 

Under the head of * Nature," the proper designation of the gun 
should be briefly entered; for instance, **10-inch gun ”—“ 8-inch 
howitzer” —“7-inch R.B.L. gun”—“ 40-pr. R.B.L. side closing "—*12-pr. 
З.В.,” *12.pr. bronze.” Тһе correct designation can always be found 
in the “ Vocabulary of Stores." 


* Trunnionlees guns аге marked on face of the breech: 
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The weight given for all rifled ordnance should be the “nominal 
weight,” but in the case of smooth-bore pieces this will be quoted if 
necessary in specifying the nature. the actual weight being stated in 
the next column, which is prepared for this purpose. The weight is 
always stamped on the top of the breech in front of the vent. 

The “ Date of last examination” will be the date of the last regular 
inspection conducted by an Inspector of Warlike Stores or other 

ualified person: this can be found оп the Memorandum of Examina- 
tion belonging to the gun, from which also the number of rounds 
fired since that date will be ascertained. 

The “Condition of bore” and “Sentence” will be taken from the 
last report made by the Inspector of Warlike Stores, or other examiner 
conducting the periodical or special examinations; but if the gun has 
not been examined, owing to only a few reunds having been fired from 
it, these columns may be left blank, unless the Commanding Officer 
should see cause to call special attention іо the gun. 

The total ** Number of rounds fired" up to the date of making the 
return will be very carefully entered under the several headings; it is 
exceedingly important, for the sake of the record, that the number 
Should be given correctly. 

All the older cast-iron guns which were in the service previous to 
records being Кері have had a number of rounds “ assumed ” from the 
size of the vent. The number of “ assumed rounds" will be entered 
every year in red ink, and the actual number of rounds in black ink. 

The columns regarding the condition of the fittings of the breech- 
loading guns and the vents of muzzle-loading guns will be filled in 
from the reports of the Inspector of Warlike Stores, or other examiner, 
unless anything has occurred to change their condition since the date 
of the last regular inspection. 

Particulars of any вресіз! defect on the exterior or other part 
of the gun will be noted in the column of * Remarks," if not entered 
in any other part of the return; also any peculiar circumstance, such 
ав reventing, the bursting of a shell in the bore, the fracture of fittings, 
&c.; and reference will be made, when necessary, to explanatory 
documents and gutta-percha impressions. 

All guns, whether fired or not, will be entered in the annual return; 
but the columns entered “ Condition,” * Sentence,” ** Rounds fired,” and 
“ Condition of fittings," need not be filled iu; а remark that they have 
not been used since such a date being entered against them. 

А blank return for S.B. ordnance is not required from districte іп 
which there are no S.B. pieces on charge. 


Special Returne. 


When any accident occurs, at home or abroad, such as the burstin 
of a shell in the bore, splitting of a vent-piece, &c., inquiry shoul 
be at once made into the circumstance, and the gun should be thoroughly 
examined. If the Commanding Officer should consider the damage to 
be of importance, he will send without delay a En and special 
return tbrough the same channel as that by which the annual return 
is rendered ; forwarding, if necessary for illustration of bis report, gutta- 
percha impressions of the damage. Тһе special return will be given 
on the same form as the annual return, the word **Special" being 
substituted for “ Annual" Firing from this piece will of course be 
suspended until a decision has been received. 


CHAP. ЦІ. 


Condition of 


bore and 


sontence. 


Number of 
rounds fired. 


Condition of 
fittings, B.L. 
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У: 
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Return after firing a series of Rounds. 


Whenever a gun on charge of the Royal Artillery in the United 
Kingdom has fired the —— number of rounds since previous 
examination, a return on W.0. Form 1743 will be sent by the Command- 
ing Officer of Artillery in the District to the Director of Artillery and 
Stores (except in the case of S.B. ordnance, when it will be forwarded 
direct to the Superintendent Royal Gun Factory) А copy of this W.O. 
Form is gine at the end of the chapter. In all other cases, at home 
or abroad, the form for Annual Returns will be used; and directions 
have been given in a previous chapter to guide Commanding Officers 
on land or at sea for obtaining the services of qualified artificer. 


т-г--- x  —g— ——PT n m ss 
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ни сн 
(First Page.) 


MEMORANDUM OF EXAMINATION. 


ROYAL GUN FACTORY, WOOLWICH. 


‚ 188 


B.L. Gun, 6-inch, 5 Tons. 
Marr IV. No. С. Issue). 
The position of flaws, &c., is measured іп fp e 


inches from the muzzle. Their position round 
the Gun is noted according to the diagram. 


[The condition of the bore and any visible defects, dc., will be noted ћете : 
aleo subsequent repairs. 
Signed by the Superintendent Royal Gun Factory. | 


(с.о.) 28 
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(Fourth Page.) 


Record or Rounps Freep, 


Number of Rounds Fired. 


Е Note.—Inside sheets ате supplied to continue this record py tat 
B D 
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(Fifth Page.) 
Ordnance, B.L., 6-inch, 5 tons. 
Mark IV. Steel. 

The m is composed of nine 
parts, all of steel, viz. :—the A 
tube, over which is shrunk the 
breech - piece receiving the 
breech-screw, and interlocked 
with the A tube; in front of the 
breech-piece are shrunk the B 
tube, and the 1 B,'?, and 2 В 
hoops extending to the muzzle; 
over the breech-piece is ehrunk 
the jacket with trunnions, being 
interlocked with the B tube; 
the C hoop is shrunk in front 
of the trunnions and the D hoop 
or hood is attached by screws 
to the breech. The chamber 
is cylindrical, terminating in 
front іп a curved slope. The 
gun is rifled on the polygroove 
system (M.B. section) with 
24 grooves, and a twist in- 
creasing from 1 turn in 120 
calibres at breech to 1 turn in 
35 calibres at 61:75 inches from 
the muzzle, the remainder being 
uniform 1 in 35 calibres. 

After firing, a shifting of the 
hoops may take place; if this 
is but slight, and does not in- 
crease, it may be disregarded ; 
if otherwise, the should be 
provisionally condemned. 

A crack in the steel barrel is 
sufficient (о warrant provisional 
condemnation, but care must be 
taken to discriminate between 
а crack and a superficial streak. 

This gun should be examined 
after each series of 100 rounds 
with projectiles. 

The condition of the bore can 
be ascertained by taking im- 
pressions of it in gutta-percha ; 
if no instruments for this pur- 
pose are in charge, requisition 
should be made on the Ordnance 
Store Department. 

Full directions for the ex- 
amination of ordnance are given 
in the Equipment Regulations, 
and in the Instructions for the 
Examination and Repair of 
_ ....x. Naval Ordnance. 
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(Sixth Page.) 


Instructions. 


This Memo. is intended to present а complete history of the gun 
from the date of its issue from the Royal Gun Factory to its final 
return into store. 

It is to be always kept with the gun, and to accompany it when 
returned into store. 

The number of rounds fired, including blank charges, to be entered 
by the Officer in charge, at the conclusion of each day’s practice, 
so that an accurate record of the firing may always be kept up. 

The results of any examination whilst on service will be added by 
the Officer, or other Examiner, who performs the duty, and the rounds 
totalled up to such date. 

If at any time this Memorandum of Examination be lost or damaged 
a duplicate can be obtained from the Superintendent, Royal Gun 
Factory, by whom also inside sheets for continuation of the record of 
the rounds fired will be suppled on application. 
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APPENDIX. 


INSTRUCTIONS FOR FITTING THE REFLECTING SIGHTS TO GUNS MOUNTED 
ox Момсвтеге CARRIAGES, МАЕК II. 


Тн» gun must first be run up into firing position. The axis of the 
bore of the gun is then brought into and fixed in & horizontal plane. 
А “plumb-bob” is now emo from the centre of the face of the 
right trunnion, and a vertical Іше is scribed on the side of the rocker. 
This line need only start at about 22 inches from the lower edge of the 
rocker, and be continued upwards for a distance of 12 inches. A 
distance of 66:275 inches is then measured down this vertical line, 
starting from the axis of the trunnions. "Through the point thus 
obtained a horizontalline is scribed on the side of the rocker. This 


: line should extend from the night hand edge of the rocker to within 


about 14 inches from the left edge. Two points are then marked on 
this horizontal line, one at a distance of 17:75 inches to the left, the 
other at 22°75 inches to the right of the vertical line.* The “ graduated 
bar” for lower sight is now to be temporarily wedged or clamped to 
the side of the rocker in such a position that its lower right and left 
hand corners shall cover the points marked on the side of the rocker. 
The sliding or lower mirror is then clamped to the bar, with the 
pointer or reader reading truly at zero. А spot is now marked on the 
surface of this lower mirror (with ink or chalk) in such a position that 
it shall be central to the top and bottom of the glass, but at a distance 
out from the side of the rocker of 4:5 inches. 

A point must now be fixed at some convenient distance in front of 
the gun, in such a positiou that when sighted from the tangent sight at 
zero it shall correspond exactly. In the event of the firing position of 
the gun being such that there is no suitable place upon which this 
point can be fixed, a spot or any distant object may be selected to take 
its place: in this case all sight lines will be sighted on this chosen 
spot, the distance of which would render its crosses undistinguishable. 


Should there, however, be nothing decisive to take for a sighting 


point, the gun must be trained inland until a distant object can be seen, 
in the line of gun, when its axis is at zero, but the fixing of the sights 
with the gun out of its firing position should not be resorted to unless 
absolutely necessary, as the correctness of reflecting sights depends 
entirely upon the gun, when run up, retaining its relative position to 
the rocker and horizontal plane, as it did at the time the bar was fixed. 
This can only occur when the racers are truly in the one horizontal 
plane; and should the gun have to be trained round in order to fix the 
sights, the level of the surface of the racers at the determined position 
of the carriage, must be checked by the level of the racers at the firing 
position of carriage, and any discrepancy rectified or allowed for. 

The “upper” or trunnion reflector, the cross lines on which are 
already marked, is then fixed to the trunnion by the eye bolt, and 


* A short line is then scribed on the upper surface of the bar, at a distance of 
—— from its upper and left-hand end. This line represents a temporary 
zero line. 


Mirror sights. 
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gradually turned until the reflection of its own horizontal cross lines 
and the fixed point in front of the gun shall be seen to cover each 
other. As soon as the angle of the trunnion reflector has been adjusted 
to fulfil these conditions, the reflector is firmly fixed against the 
trunnion, its position on the trunnion marked, as also the position of 
the screw hole for the attachment. The reflections of the centres of 
the vertical cross lines on trunnion reflector and the fixed point in 
front of the gun must now be observed, and if they do not cover each 
other, and also the spot on lower mirror, this spot must be removed 
and another placed in such position, to the right. or left, that covering 
may take place. 

The tangent sight of the gun is now raised and clamped at 10 degrees 
elevation, and the gun elevated; the lower mirror is now shifted to the 
right and clamped in the position where the reflections of the horizontal 
cross line of trunnion reflector and of the fixed point are seen to cover 
each other and also the spot оп Из glass. The reflections of the centres 
of the vertical cross lines must now be observed, and if they also cover 
each other and the spot, the angle of deflection, that is the angle 
between the side of the rocker and the face of bar, is correct. If these 
lines do not cover, then another smaller spot must be placed in such 
position that it is covered by the reflections of the centres of both 
vertical lines. 

The holes for attachment are next drilled, the bar removed, the holes 
tapped, and finally the bar firmly bolted to side of rocker. The squares 
are chipped off the heads of bolts, the heads filed smooth and their 
corresponding holes in the bar marked. At the same time the trunnion 
reflector is removed, the holes for attachment bored and tapped, and 
finally the reflector screwed firmly to the trunnion. 

The tangent sight is now lowered to zero, the gun depressed until 
the line of sight corresponds to the fixed point in front of muzzle. The 
lower mirror is cleaned of its spots and brought into such position that 
the reflections of the fixed point and centre of trunnion reflector shull 
cover each other as near the centre of the lower mirror as possible. 
The centre of the reflection where they cover each other is marked on 
lower mirror by а spot, and through this spot cross lines are drawn in 
ink across the face of the glass, corresponding to the reflection of the 
cross lines of the trunnion reflector. ‘The zero line is now scribed from 
the pointer upon the face of the bar. The gun is next elevated 10 
degrees by sighting over tangent sight to the fixed point, the lower 
mirror is then shifted to the right and clamped in such position that 
the centre of its temporary cross lines is covered by the reflections of 
the centre of the cross lines in trunnion reflector and the fixed point in 
front of gun: the 10 degree line is then scribed from the pointer upon 
the face of the bar. The gun is now laid for 9 degrees elevation (by 
sighting as previously explained for 10 degrees), the lower mirror 
brought to meet the reflected horizontal cross lines of trunnion reflector 
and fixed point in front of gun, and the 9 degree line scribed on face of 
bar. The same process is then gone through to obtain each degree of 
elevation until the zero line is again reached. The gun is now 
depressed 1 degree, its position being correctly ascertained by means of 
a straight edge and spirit level placed in the bore; the lower mirror is 
then set to correspond with the reflected centres of the cross lines on 
the trunnion reflector and fixed point, and the line — 1 degree 
of depression scribed on the bar. Тһе gun is then depressed 2 degrees, 
by the assistance of the straight edge and spirit level, and а similar 

to the last gone through for each succeeding degree until 
5 degrees of depression have been scribed on the bar. 
The glass of lower mirror is now taken out and the temporary cross 
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lines on front transferred to the back by scraping off with a knife and 
straight edge the mercury for their formation. The space between the 
degrees scribed on the bar is now divided into six equal parts, the lines 
and numbers of degrees are engraved and the lower mirror clamped in 
its zero position. 

The gun is once more brought to zero, by a sight line from the 
tangent sight to the fixed point, and the glass of lower mirror, which 
has an amount of play between its edges and the brass frame, is set to 
meet the reflection of the trunnion reflector cross lines and fixed point : 
the spaces between the edges of the glass and frame are now packed in 
tightly with wood strips cut to fill the vacancies, care being taken that 
the cross lines are covered correctly with the fixed point in front of 
gun. The metal strips are then screwed down and the position of the 
cross lines on lower mirror marked on the level edges of the metal 
strips; so that in the event of a glass being broken a new one may be 
иа in the proper position at once by means of these lines on the 

ame. 


TABLE XLIV. 
TOOLS REQUIRED FOR ADJUSTMENT OF MONCRIEFF ReFLectine Зтантз, 
Mark II 
А cross-cut .. .. .. 42 ёо 
Chisels | hand .. 1 


Drilling apparatus of any convenient character at], 
the station .. „а .. .. T .. 

Drills, for screw holes for trunnion reflector, and for 
fixing the bars; to be made on the spot. 


: astard, 12-inch, flat .. . .. 
жн ыса 12-inch, flat .. T - T 
—— .. T T .. T 

qu t .. .. .. .. .. 
Levels spirit ee ee oe ee ee ee 


Plumb-bob and line  .. .. “р .. .. 
Straight edge (5 feet long) .. .. T s 


Taps inch .. .. 


” .. .. .. .. 


на на i ы на ры ры ры ма 


INSTRUCTIONS FOR FIXING MvzzrE Вевгіскв ON R.M.L. Guss. 


The following instructions have been drawn out for fixing bronze Fixing muzzle 
derricks to muzzles of heavy rifled guns :— derrick. 
186. Scribe a line upon the top of the chase from the vertical axis 
—* оп muzzle for а distance of about 12 inches towards the fore 
sight. 
2nd. Remove the fixing screws and then try on the band; there 
may be a slight variation in the diameter of the muzzles of guns of tho 
same nature, but if they are correct the bands would be seated as 
follows, viz:— | 


Distance from face of muzzle Бы 9” M.L. guns 54"; 
to front edge of band .. (for 10", 11", 12”, and 124" guns, 6". 


Should the band not reach its seat, it will be necessary to ease it 
inside with a half-round file until it attains the required position. If, on 


Deepening 
holes for 
centre hind 
sights. 
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the other hand, the muzzle of the gun be small, the band must be 
pushed on as far as Њ will go. 

3rd. When the band has been placed roughly in its position, turn it 
round until the vertical lines cut on the front and rear faces agree with 
the scribed line on muzzle mentioned above. When properly adjusted, 
give the front edge a few gentle taps all round with & piece of wood to 
drive it on the chase and thus fix it temporarily in position, but the 
relations of the lines must not be disturbed in so doing. | 

4th. Now mark off upon the chase the positions of the holes by 
means of a steel scriber, carefully guided around the interior of the 
screw holes, and then remove the band. Special attention must be 
paid to this operation. 

5th. Dot round with a centre punch the circles just described, and 
centre each as nearly as possible ready for drilling. 

6th. Erect the drilling apparatus and drill very carefully four holes, 
cach 4*. in diameter and $ deep, to correspond with the plain points of 
the fixing screws. 2 

Judgment must be exercised in drilling holes if required, so that 
they may be perfectly concentric with the dotted circles previously 
marked off. 

At the chief stations, where artificers are at hand, drills can readily 
be prepared on the spot for this purpose, but in localities where these 
conveniences do по: exist, the drills can be supplied on demand. 

7th. After the holes are completed remove the drilling tackle, clean 
the surface of the chase, take off all ** burrs" from the holes, and place 
the band in position; then insert the screws and send them home firmly 
and securely. 

It will be necessary to adjust the bridge piece which supports the 
derrick when erected, so that the latter may be brought — in 
order to maintain the required relation with the muzzle of the piece. 
It will be requisite first to level the gun and then to drop a plumb- 
line from the centre of the loop or eye at the top of the derrick, and 
the distance measured from the face of the muzzle to this line should 
be— | 


Fo9'MLgu .. .. .. 70 


> 21" а «s - .. 103 | Limits of error, one 
, 12" 25-ton,, .. T .. 1045 inch minus or plus. 
410085 шу»... = аә 115 

” 12 5 ” .. .. .. 12.35 


Where the measurement does not comply with the above dimen- 
sions the lower side of bridge piece must be cut away and relieved 
until the proper overhang: has been obtained. 


INSTRUCTIONS FOR DEEPENING THE HOLES FOR Centre Німр онтв 
ім R.M.L. Gons. 

Instructions for deepening the centre hind sight holes for 9”, 10”, 
11", and 12" -- 

Take out the metal sight socket and put the steel guide in its place. 
Erect the sighting machine drill frame (marked' L in the tools for 
sighting ordnance), placing the drill in the steel guide and bringing the 
feed screw exactly to it. The drill and feed screw will not be quite 
perpendicular, but will be inclined at the correctional angle for the gun’s 
deflection. Fasten the frame securely by a strong chain or rope to the 
gun, placing a block of hard wood under the tail. 


- ayr 
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The holes іп the 12- and 18-ton guns сап be sufficiently deepened 
with the shorter drill alone, but for thoso in the 25-ton guns it will 
be netessary to extend the hole further, and the longer drill must 
be substituted when the shorter one has drilled as deeply as the feed 
screw will drive it. It will be found convenient to mark the proper 
depth on the drill. 

То use the machine, insert the drill, attach the ratchet brace, 

ntly tighten up the feed screw, lubricate with oil, and turn the 

andle. 


' 


le- -----8--- 


1 
! 


|---------:9:85----- 


When the quoe depth has been attained, remove the Musis and 
Steel guide, thoroughly clean out the hole and replace the socket; a 
small D will then be stamped in front of the hole. 


METHOD oF ESTIMATING ANGLES OF ELEVATION AND DESCENT. 


The following table, arranged on the lines of Bashforth’s, was 
devised Mr. W. D. Niven for connecting together velocity and 
angles in the trajectory. 

The letter D is used to denote angles, and the nomenclature and use 
of the table is the same as іп Bashforth’s, the formula being— 


26:11 
5 10 
in which D, and D, stand for the tabular values corresponding to 
velocities v and v respectively, and D the angle in Пе through 


which the direction of motion turns while the velocity falls from v to v, 
In order to determine the angle of elevation required for a particalar 
at а particular range, for example, we have to know two things— 
86: muzzle velocity and the remaining velocity after the tangent to 
the trajectory has turned through the angle of elevation. The first of 
course is known for the particular gun, the second has to be determine: 
from the range given, by the aid of Bashforth. 
Referring the angle of elevation and range to the horizontal 
through the muzzle, it is evident that the direction of motion has 
rinn through the required angle when it reaches the highest point 


Example, 
Angle of Ele- 
vation for 
Bange. 


H 
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of the trajectory, and if the trajectory be a flat one (as in the cases of 
* Direct" and “Curved” fire) so that the vertical component of 
resistance may be neglected, this point may be taken as the point of 


half time. 
fue method of procos therefore would be—first obtain from the 
the time of flight (this will necessitate the use of both Bash- 
forth's Tables), then halve this and deduce иш the Time and Velocit 
Table) the remaining velocity for this half time, then refer to the 
Table for the angle turned through. 
wired the angle of elevation for the 5" B.L. at 2,000 yds.: 
М.У. —1780. Weight of proj.—50 lbs. 


Фэн (taking diam. of shell=calibre). 
For В.У. at 2,000 yds. (6,000 ft. 
($) 6,000 =8, — 8, = 448605 — 8,. 
S, = 41860°5. 
Tabular val. of 1165 = 41869:8) 
“.v = 1165 (nearly). 


For time over 2,000 yds. 
(1) t= Түю т Tus = 2:1 (пеагіу). 
For КУ. at +: 
2:1 = Т, — T, = 233-0465 — Т, 
% М9 T? = 231-9965 
Tabular val. of 1402 = 981:9952 


^. v (at half time) = 1402 (nearly). 
For angle turned through between velocities 1780 and 1402— 
(4) D = Dy — Р, = 12848 
DD (nearly) 
= 2° 928, 

Of course the calculation can be made more exact by taki 
decimals of a foot second in velocities on the principal of proportio: 
parts, and the actual diameter and weight of shell ins of the 
calibre and reputed weight; but it is not proposed to discuss here 
the discrepancy shown М the Не Table—merely to illustrate the 
method of applying Mr. Niven’s Table. 

If there is any allowance for “jump” due to the mountings, this 
must be dedu from the above elevation before laying. 

To calculate now the angle of descent we have merely to apply the 
D table for the velocities at half time and end of range; in the above 
example 1402 and 1165. 


Thus (ü) D = Diss — О =1'58 (nearly). 
n D23066 
= 8° 8° % 


The calculations for high angle fire аге of а more complicated nature. 
They will be found in Sladen’s “ Principles of Gunnery.” 


ч w 
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TABLE XIII 
— ” 43 
Inclination and Velocity Table. = 

о. || 0 | 1 5 

t.s. degs. де 
4| 9 | "а 2550 
41 4°6757 | 5'1240 6'8828 
42 || 9-0056 | 9-4207 11-0496 
43 || 18:0187 | 13°4039 14:1652 14'9159 
44 | 16-7450 | 17-1030 17-8110 18-5094 
45 || 20-2125 | 20-5460 21-2054 21.8565 
46 | 28-4463 | 23-7578 24-3136 24-9621 
41 | 26-4691 | 28-7607 21-8376 21-9075 
48 || 29-2006 | 29-5739 30-1151 30 “6498 
49 | 31-9676 | 32-2143 32-7221 33-2253 
50 || 344557 | 34-6973 35-1761 35-6493 
51 || 36-8073 | 37-0349 31 "4862 37.9323 
52 || 39-0246 | 39.2394 40-0860 
53 | 41-1176 | 41-3204 42:1206 
54 || 43-0967 | 43-2887 44-0466 
55 || 44-0698 | 45-1616 45-8689 
56 || 46°7437 | 469160 41 *5965 
57 || 484210 | 48-5906 49-2368 
58 || 50-0285 | 60:1822 50.7968 
59 || 51:5492 | 51-6975 62-2832 
во || 53-0003 | 63-1417 53-7005 
61 || 54-3847 | 54-5196 66-0529 
62 || 55-7054 | 55'8342 | 55-0623 56 °3433 
63 || 56-9663 | 57-0891 | 57-2114 57-5749 
64 || 58-1703 | 58°2878 | 584046 587521 
65 | 59-3209 | 59:4232 | 59:5449 59-8772 
66 | 60-4207 | 60-6280 60-9623 
67 || 61-4719 | 61 "5744 61 "9804 
68 || 62-4779 | 62 "5761 62-9646 
69 || 63-4414 | 63-5356 63-9084 
70 || 64°3656 | 64-4559 64-8137 
71 || 65-2522 | 65-3388 65-6813 
72 || 66-1015 | 66-1845 66-5128 
тз || 66-9153 | 66-9949 67 "3096 
14 | 67-6955 | 67-1717 680733 
75 | 68-4426 | 68-5168 68-8062 
тв | 69-1617 | 69-2318 69-5004 
77 || 69-8497 | 69-9169 70-1826 
78 | 70-5082 | 70-5725 70-8271 
79 || 71°1888 | 71-2004 114442 
во | 71-7432 | 71-8023 720259 
81 || 72-3225 | 72-3791 72-6030 
82 | 72-8776 | 72-9317 18:1458 
83 | 73-4079 | 73-4596 73-6639 
84 || 73-9143 | 78-9636 74-1585 
85 || 74:3971 | 74°4441 74*6301 
86 || 74'8573 | 74:9022 75 “0795 
87 || 76-2966 | 75-3395 155069 
вв | 757168 | 75-7572 75-9190 
89 || 76°1171 | 76-1662 763109 
90 || 76-5005 | 768279 | 16-5751 | 76-6121 76-6857 
91 || 76-8671 | 76-9020 | 76-9385 | 76-9730 770444 
92 || 77-2179 | 772522 | 71-2863 | 77 -3203 71-8818 
93 || 71-5640 | 71-5868 | 77-6195 | 77-6620 | 77-6844 || 77-7167 


ЗЕЕ SEE 
848 488 


iit 


а 882 
š 181 


67:8146 


58:9822 
60 "0961 
61 *1616 


62-1807 


74:7217 
751669 
16924 


9 Calculated from the formula of У. D. Niven, Esq., М.А. 
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50 °5761 
56 8428 
58-0623 


59 "2081 
60 3180 
61:3688 
823793 
63:3468 
64-2149 
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TABLE XIII.—continued. 


3 
, Inclination and Velocity Table. =. D=D,—D,,. 


2 | 3 4 | 5 1 ' 8 9 
деда. | dege. degs. 
78 "0929 | 78-1234 | 78-1538 
18:3924 | 78'4216 | 78°4508 
18:6196 | 78°7076 | 787356 


78*9551 | 78:9819 | 79-0087 
79-2195 | 79-2954 | 79-2172 
79-4734 | 79-4982 | 79:5230 


79-7175 | 79°7414 | 79-7652 
79°9619 | 79:9748 | 75-9976 
80:1763 | 80-1981 | 80-2197 


дека. degs. degs. degs. 
11:9384 | 77°9695 | 78-0005 || 78:0314 
78:2442 | 78°2741 | 78'3039 || 78°3335 
78:5375 | 78:5662 | 780947 || 78-6231 


78-8188 | 78:8463 | 78-8136 || 78 "9009 
790886 | 79:1180 | 79-1418 || 79-1675 
79:3478 | 79:3731 | 79'2983 | 79'4234 


795986 | 79-6210 | 79-6453 || 79 "6695 
79 "8359 | 79-8593 | 79'8826 || 79-9058 
80-0655 | 80-0879 | 80-1102 || 80-1824 


degs. 
77 "9071 
18:2142 
78-5087 


781911 
19 "0621 
19:3224 


79-6722 
198124 
80-0430 


802837 | 80-3048 | 80:3256 || 80-3462 80:3869 | 80*4071 | 80-4270 

80 "4854 | 80°5045 | 80 5234 || 805420 80-5787 | 80:5967 | 80 "6145 

80 6667 | 80:6835 | 80-7003 || 80-7169 80-1495 | 80-7654 | 80-7813 

80-8280 | 80:8432 | 80:8583 || 808738 80 '9029 | 80-9175 | 80:9319 

80-9747 | 80-9886 | 81 "0026 || 81:0164 81-0437 | 81-0573 | 81-0707 

81:1105 | 81:1226 | 81 *1366 || 81*1496 81*1751 | 81 1977 | 81 °2003 

812877 | 81:2501 | 81 2623 || 81 "2745 81 2996 | 81°3105 | 81-3224 

81-3578 | 81 °3695 | 81-3811 || 81-3927 81.4156 | 81 "4269 | 81-4382 

81.4719 | 81°4829 | 81 °4939 | 81-5049 81 5268 | 81 "5377 | 81-5485 

81:5807 | 81.5913 | 81-6019 || 816124 81:6334 | 8176439 | 81-6543 

. 81:6853 | 81:6955 | 8177057 | 81-7159 81:7361 | 81 *7462 | 81-7562 
81°7761 | 8177861 | 81'7960 | 81:8058 |, 81*8156 81*8351 | 81:8448 | 8185415 
81'8737 | 81:8833 | 81-8929 | 81 "9024 || 81'9119 81°9307 | 81:9401 | 81-9495 


81:9774 | 819866 | 81-9958 
82:0682 | 82:0771 | 82-0860 


82:1569 | 82-1645 | 82:1731 


8 88 
= #8 


82.2408 | 82:2492 | 82-2616 || 822667 82 "2822 | 822903 

82:3228 | 82'3309 | 82°3389 || 82:3469 82 2629 | 82-3708 | 82-3781 
82 "4022 | 82*4100 | 82'4178 || 82 4255 82*4410 | 82°4486 | 82-4568 
82-4790 | 82'4865 | 82-4940 || 82*5015 82'5164 | 82:5238 | 82:5212 
82-5533 | 82'5606 | 82-5679 || 825701 82'5896 | 82'5968 | 82 6040 
82 6254 | 82°6324 | 82-6395 || 82-6465 826606 | 826615 | 82-6744 
82:6951 | 82:7019 | 82:7088 || 827166 82°7291 | 82-7359 | 82.7427 
82 76217 "7694 | 821760 || 82:7826 82°7957 | 82-8023 | 82'8068 
82'8283 | 82:8348 | 82-8412 || 82:847 82:9604 | 82-8668 | 82-8731 
82:8920 | 82*8983 | 82-9045 || 82°9107 82-9231 | 82:9292 | 82-9354 
82 9538 | 82-9699 | 82-9660 || 82-9720 82-9840 | 82'9900 | 82-9960 
83 "0138 | 83:0197 | 83-0256 || 83-0315 83:0432 | 83-0490 | 83-0648 
83'0721 | 83'0779 | 83-0836 || 83 "0893 83*1007 | 83:1063 | 83*1119 


di 


83'5141 | 83'5187 
83 '5598 | 83 '5642 


8 
š 
388 ЕЕЕ 
8 121 


8 888 ЯГ 888 
à 


83 
83 
83 
836218 83 
83 6650 83 
83-7072 | 83-7114 | 83-7156 | 88-7197 83 7280 | 83-7321 | 83 "7362 
83-7485 | 83-7526 | 83-7567 || 83-7608 | 83:1649 | 83-7689 | 88-7730 | 83'7770 
83-7891 | 887930 | 83-7970 | 83-8010 | 83-8050 | 83-8000 | 83-8130 | 88-8170 
83-8288 | 83°8327 | 83-8366 |, 83-6406 | 83-8445 | 88-8484 | 83-8522 | 88-8661 
83-8677 | 83-8715 | 83-8754 |! 88-8792 | 83-8830 | 83-8369 | 83-8907 | 83-8945 
83-9069 | 839096 | 83-9134 |! 83-9172 | 83-9209 | 83-9247 | 83-9285 | 83-9322 
83-9433 | 83:9470 | 83-9607 | 83-9544 | 83-9581 | 83-9617 | 83-9654 | 88-9691 
83-9800 | 83-9837 | 83-9873 | 83-9909 | 83-9946 | 83-9982 84 0018 "0054 
840161 | 84°0197 | 84-0233 | 84-0269 | 84 "0204 | 84-0340 | 81-0375 | 84-0410 
84 -0516 | 84:0051 | 84-0587 |' 84-0622 | 84-0657 | 84-0692 | 84-0727 | 84-0762 


f.s. 


Inclination and Velocity Table. 
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degs. | dogs. 
84-0796 | 84-0831 
84-1140 | 84-1174 


84:1479 


863876 
85 4010 


(с.о.) 


84 -1513 


84 1845 
84-2172 
84-2493 


84-2809 
84-3119 
84-3424 
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TABLE XIII.—continued. 


85 °3781 
85 "2917 
85:4049 


5 
degs. 
"0969 


84 
84°1310 
84:1646 


Ф 


w 


"dep. 
84-1004 
84-1244 
84-1679 


7 


degs. 
84 1038 
84.1378 
84:1713 


847119 
84°7360 
84:7697 


841832 


801817 
8571496 
85 -1672 
857184 


р = D,—D.. 


887. 


388 


95 °6161 
85 "2256 
85 "6349 


85 *6441 
85 "6531 
#5 "0019 


RA 6706 
85 6792 
#5 "08976 


85 "6959 
857041 
85 7121 


85 7200 


857277 
85*7364 


|| 85*7499 
8 || 85*7508 


95 "7575 


2s 


"4297 
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TABLE XIII.—continued. 
Inclination and Velocity Table. š D=D,—D, 


degs. 
884219 
854348 
854413 


854507 
85'4718 
85 '4837 


85-4955 
85 *5070 
85-5184 
85 '5296 
85 *5405 
85-5513 
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REMARKS ON Breech МєСснАК18м8 or B.L. Gunes. 


Some of the peculiarities of the different breech mechanisms as 
designed to meet the requirements of the time for each nature, have 


been briefly alluded to in the earlier part of the book, but perhaps e PERLE Y 
hardly in sufficient detail to explain the object of each. The following Cte e RE 
description of one of the latest is therefore given somewhat at length, "bc uy 
, аз from it the Ls n and scope of the others may be better understood. 5. 855 I 
The principles of the “safety” arrangements especially are similar, · “2 | 
though the method of application is varied. Цэ 


ORDNANCE, В.І. BREECH-CLOSING ARRANGEMENT, 9°2-INOH, MARK III. 
Scale 4. 


The breech mechanism referred to is that of the 9:2-inch guns 92-inch 8 
supplied to H.M.S. *Impérieuse," and is shown in woodcut above. —— 
This being only an outline drawing appears somewhat complicated, but « Impé- — 
the mechanism is really simple, though effecting a great deal. riouso.” 
The features of novelty are :— 
1. The “ Controlled Carrier,” by which the block is withdrawn and 
pushed home. | 
2. The “Stanhope lever,” for turning the block (vide р. 277). 
8. The safety arrangement conuected with the percussion lock. 
4. The safety electric firing arrangement. š 
The controlled carrier is necessitated partly by reason of the weight 
of breech-block which has to be worked cn an incline when the gun is 
elevated; but principally (as the name implies) in consequence of the | 
danger of allowing at fe large mass as the breech-block and carrier < 
to swing free, on board ship іп а sea way. 
The principal parts may be divided for descriptive purposes into— 
(1.) А bronze frame, attached by fixing screws to the face of the 
breech, and constituting the bed of the whole mechanism. ий 
. = с 


» 


The control 
mechanism. 


Alternative 
mechanism. 


Action of 
control. 


Safety 
mechanism 
for percussion 
firing. 
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(2.) A bronze carrier, partaking of both the forms of carrier applied 
to the lower natures, being а complete ring, but extended below in two 
аео give а larger bearing for the breech-block when resting оп 
it, and — : 

(8.) А bronze plate, attached to the end of the breech-block by fixing 
screws, and forming the bed of the cam lever. 

The carrier as usual hinges to the main bed by a vertical bolt on the 
right, but in this case the bolt becomes also a shaft for actuating the 
block and carrier. This is effected by a toothed pinion wheel, keyed 


on to the centre of the shaft, and whose head protrudes through the. 


bearings, to gear into a rack let into the surface of the breech-block. 
The shaft is turned by means of а worm and wheel below. The worm 
is the termination of а horizontal shaft, carried by bearings on the 
main bed, and coming out on the left and inclined to the front for con- 
venience in working the winch handle, which it takes. The worm 
wheel is carried on the lower end of the bolt shaft, being free to turn 
idly, unless keyed to it by means of a clutch, brought up by a small 
screw handle from beneath. 

This (clutch) arrangement is to enable the “control” action to be 
thrown out of gear: in which case the carrier and block swing free, 
as in the lower natures. A spring stop 18 also provided to take the 
place of the usual latch, to hold the carrier open. This will be seen in 
the cut at the bottom of the carrier. It is simply a spring bolt, which 
under ordinary circumstances is drawn back, and turned so as to be 
held back. When wanted (the control gear being thrown out) it is 
turned, and drops so as to press sgainst the bearings of the main bed, 
and when the carrier is swung back it drops into a hole provided on 
the right. From this of course it must be again withdrawn when it is 
desired to close. 

The action of the control is as follows :—The breech-block having 
been turned to the withdrawing position, and the cam lever sufficientl 
lowered to start the withdrawing motion, the winch-handle is — 
and this, turning the bolt shaft, continues the withdrawing of the 
block, by means of the rack on its face. When the block is free of the 
breech, the end of the rack is reached, and then the effect of the pinion 
is to turn the whole, carrier and block, and swing it back on the shaft 
ав a pivot. A reversal of the motion will of course reverse the process. 
The breech-block is fastened to the carrier by the usual three-armed 
clip, so until the carrier comes against the face of the breech, the rack 
motion cannot come into play in closing. 

The safety — for percussion firing is designed to prevent 
the tube being endangered if it is not properly home, and to ensure 
that it cannot be fired till the breech is properly closed, and the head 
of the tube supported. 

To insert the tube, the lock has to be drawn back; and to fire it, the 
lock has to be pushed over again, so as to support the head of the tube, 
and bring the striker over the detonator. The end of the lock is slotted 
away on an incline, so that if the tube is fairly home it will pass over, 
and the insertion of the tube and subsequent covering of it by the lock 
cau be partially effected by hand when the breech is open; but the 
lock cannot be pressed so far as to bring the striker into position. 
This is effected subsequently by the lowering of the cam lever when 
the breech is closed; and not till then, for a pin projecting from the 
face of the lever bed engages a slot in the under face of the lock, and 
limits its play. This pin is kept pressed out by a spring, but is capable 
of being withdrawn flush with its socket by a lever, one arm of which 
—— from the front face of the cam lever bed when the block is out. 

hen the block is pushed home this arm is at first left undisturbed by 
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the carrier ring being here slotted away; but when the block is turned 
into the firing position the arm rides up an inclined plane on the carrier 
and the pin is withdrawn, allowing the lock its full travel. 

On lowering the cam lever a slide connected with it (embedded in 
the bronze bearings) pushes the lock home into its firing position. 
The slide is actuated by the cam lever by means of a pin projecting 
from it engaging in a spiral groove cut in the face of the lever head ; 
and the lock engages in the slide by its usual spring bolt, which drops 
into a hole in the slide. The slide is always in gear with the cam 
lever, ео whenever this is raised or lowered, the slide is put in motion. 
But the lock does not engage in the slide unless the cam bed is pressed 
against tho carrier—as when the breech is closed—for a pin (connected 
with the pin already mentioned for limiting the travel of the lock, 
and moving with it), stops the hole of the slide, so that the leck bolt 
does not drop into it when the breech is open. 

When the breech is open therefore the lock can be slid backwards 
and forwards, to admit the tube, and partially cover it, and the cam 
lever can be raised and lowered; but the lock will not be brought into 
the firing position. Further, the lock must be pressed by hand to 
partially cover the tube, or its bolt will not engage in the slide of the 
cam lever (being beyond its play), and the firing position will not be 
attained, even on closing. This provides for the contingency of a 
projecting tube, for it is left undisturbed, and cannot be fired. 

In the earlier designs of percussion lock fittings the travel of the 
lock is similarly limited by a pin projecting from the face of the block, 
and which is withdrawn by a pin connected with it engaging in a slot 
in the inner surface of the carrier ring, which slot has an incline ut its 
termination where the actuating pin travels on turning the block to the 
closed position. But the pushing of the lock into the firing position is 
effected by the turning of the breech-block at the same time; and the gun 
can be fired without lowering the lever into the locking position. ‘Ihe 
safety of the tube in case of projection is provided for by the projecting 
lock (or rather its spring bolt) coming іп contact with an inclined face 

` when the carrier is swung round to close. The incline is not sufficient 

to jam the tube, and a spring eases the jar; but until the tube is 
sufficiently home for the lock to pass over it, the breech cannot ђе 
closed at all. 

The principle of the safety arrangement for electric firing is thut the 
tube wires cannot be connected up till the breech is closed and the lock 
covering the tube. 

The tube wires are first connected with a small junction piece, which 
is а separate store, and consists simply of two tapered metal pins, held 
about an inch apart by an ebonite block through which they pass. 
The pins project on both sides of the block, two ends being for the 
reception of the tube wires, the others for insertion into holes in a 
block on the gun. 

This block is situated on the top of the bearings of the main bolt 
shaft, and in it are other holes, with binding screws, for the reception 
of the battery terminals. The holes for the battery terminals are of 
course in metallic connection with the holes for the pins of the junction 
piece, but when the breech is open these latter holes are stopped by 
ivory plugs. 

The ivory plugs are carried on the end of a spring bolt, which presses 
them into the holes, and is then locked by a spring trigger. ‘This 
prevents even force effecting the insertion of the junction pins. 

The holes are opened by a sliding piece connected with the lock, the 
top of which, armed with а hook, projects above the cam bearings. 

hen the breech-block is home and turned for locking, the hook of 
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the slide engages а hook on the end of the spring bolt, and its side 
pushes back the trigger. When the lever is lowered the lock is 
pressed into the firing position, as before explained, and the spring bolt 
with the ivory plugs is pulled away from the junction holes, and the 
tube can be connected up. 

If the tube is not home, the lock, as before, remains unmoved, and 
the holes remain plugged. 

A feature in the breech mechanism of all guns above the 8-inch 
(inclusive) is the spring stop provided in the lever bed to hold the 
lever in the vertical position during the operation of loading, &c. 
When it is desired to lower the lever for starting the block in with- 
drawing or for closing preliminary to firing, the button on the left of 
the lever has to be pressed in. 

The latest proposal for electric firiug is & separate slide, which takes 
the place of the percussion lock, and is similarly worked, bnt contains 
merely junctions for the battery termiuals. Тһе tube is altered in 
that the wires stop short at the head, and connection is made by the 
passage of the slide into the firing position, which is effected as when 
the percussion lock is used. 


FACING OPERATIONS, R.B.L Guns. 


In most of the operations connected with the breech bush a chamber 
guide 18 employed. This, in the cases of the 40-pr. and 7-inch, is ап 
* expanding” one in two parts, necessitated by the fact of two blank 
rounds being required in these guns to set up the bush before finish 
boring. The bush being unfinished projects somewhat above the 
surface of the bore, and a solid block fitting the chamber could not 
pass it—there is no passage forward, of course. 

Before inserting a new bush the old one will have to be removed. 
This is effected by a flat cutter passed through the slot of the spindle 
and keyed there by а wedge. This cutter is formed во as to cut away 
all the bush except the thread, which can then be pulled out of the 
threads in the gun in the form of wire. Care must be taken that the 
cutter is not damaging the threads in the gun. The cutter is formed 
so as to cut away the rim of the bush also, when the cut has been 
carried sufficiently deep to reach it; but generally speaking the rim 
twists off and comes away solid, in which case it should be removed 
and the cut proceeded with till the cutter no longer bites. 


RANGE TABLES. 


Tue following range tables have been corrected up to date by Major 
Anstruther, R.A., of the Director of Artillery Department in Woolwich, 
and Capt. May, R.N., but in some cases the muzzle velocity cannot 
be given, as formerly there were no records kept on this subject. 
It should be remembered that any change in the quality or “ brand” 
of powder will afect the accuracy of range tables, and that the fuze 
scale also depends upon the standard conditions being strictly fulfilled. 
Range tables for the new B.L. guns have in some cases not yet been 
determined; all that have been determined are given. Where there 
are alternative charges the table has been made out for that first 
mentioned in heading. 
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Rance TABLE ғов 17:72-тысн R.M.L. Gon. 
Based on Calculation, 28, 2. 83. 


Charge, 450 Ib. prism.! black. 
Projectile, 2,000 Ib. 
Muszle velocity, 1548 f.s. 


°; 

92 0-61 
P 0-78 
0 35 0-95 
= 1:16 
051 1-37 
0 58 1.58 
1 9 1-80 
1 18 1-98 
ra 2:16 
127 2:34 
12 2:52 
16 2:70 
2 4 2:90 
213 5-14 
2 25 3-38 
za 3-62 
In 3-86 
251 4-10 
51 56-2 432 
3 18 55:5 4:54 
3 29 55.0 4°76 
3 40 5455 4.98 
3 52 54-0 5-30 
43 53:5 5°46 
414 53:0 8:72 
4 26 62-5 5:08 
437 62-0 6-24 
4 60 6-50 
53 6 
615 6 
828 1 

b 46 H 

6 2 

6 20 

6% 

73 

121 à 

743 5-81 

1 46 5:96 

8 8 6-1 

8 20 6-25 

8% 6-40 

8 54 вы 

911 6-69 

9 33 6°84 

9 50 6:98 

1010 7:13 

10 28 147 

10 47 7-42 

11 10 158 

11 40 тт 

12 6 7-85 

12 35 8:00 

13 6 8-14 

13 37 8:29 

14 47 8°58 

16 33 8 


Ё 


260 
350 
40 
530 
620 


1240 
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RANGE TABLE For 16-гкон R.M.L. Guns оғ 80 tons. (Compiled 8/85.) 


Based on Practice of 9. 10. 79., 20. 11. 79., and on Calculation. 


Charge, 450 Ib. prism.! black; gravimetric density, 22:4 


0:866 
Projectile, studless shell ; weight, 1,700 lb. 
` Mounting, proof sleigh. 


Jump, ni 
Muzzle velocity, 1,590 f.s. 

To bit an Fuze scale. 
Angle ot |siopeot| fect high |Bemain-| Реде. | Timeot | wood time fuse: 
Range. | Elevation. Descent, |Descent. must шин wrought) Flight. | Estimated from 
be known '| iron. practice with 

within 12:5-inch gun. 
Yards ° ’ 9” | lin | yards. | f.s. |іпсһев.) seconds. | yards. |tenths. 
9 1590 | 24:9 260 | 10 
100 | 0 6 0 6 | 515 858 1580 | 247 | 0:19 360 | 1:6 
200 | 013 013 |257 428 1569 | 24-5 | 0:38 460 | 2:0 
300 | 020 020 |170 283 1559 | 24:4 | 0:57 555 | 2:6 
400| 026 0 27 | 127 212 1549 | 24:2 | 0:76 * 8:0 
40| 85 
500 | 093 094 |101 168 1589 | 24'0 | 0°96 830 | 40 
600 | 0 40 0 42 82 136 1529 | 23'8 | 1°15 920 | 4:5 
700 | 047 0 49 70 117 1519 | 28:6 | 1:85 |1010 | 5:0 
800 | 0 54 0 56 61 102 1509 | 28:5 | 1:54 | 1100 | 6:5 
900 | 11 13 55 91 1499 ! 28.8 | 1:74 |1190 | 6:0 
1280 | 6:6 
1000 | 1 8 111 48 80 1490 | 2811 | 1°94 (11370 | 7:0 
1100 | 115 119 4% 78 1480 | 229 | 9:14 | 1460 | 7-5 
1200 | 123 127 40 66 1470 | 22:7 | 2:84 | 1550 | 8% 
1300 | 129 135 86 60 1460 | 22:6 | 2:55 |1640| 8:5 
1400 | 197 144 33 55 1451 | 22'4 | 2°76 |1780| 9-0 
қ 1815 | 9:6 
1500 | 144 1 53 80 51 1441 | 22.2 | 2:97 | 1900 | 10:0 
1600 | 1 52 21 28 47 1482 | 22:1 | 3-18 | 1990 | 10-5 
1700 | 2 0 210 26 л 1422 | 21:9 | 3:89 |2080 | 11:0 
1800 | 2 8 2 19 25 41 1413 | 2177 | 3°61 [2170 | 11-5 
1900 | 216 2 28 23 89 1403 | 21'6 | 3°83 | 2255 | 12:0 
2340 | 12:6 
2000 | 224 2 37 22 36 1394 | 21:4 | 4°04 |2425 | 13:0 
2100 | 232 2 47 21 85 1385 | 21°3 | 4:26 |2510 | 18:6 
2200 | 2 40 2 57 19 83 1376 | 21'1 | 4°48 |2595 | 140 
2300 | 3 48 8 7 18 81 1367 | 21:0 | 4:69 |2680 | 14% 
2400 | 2 56 3 17 17 29 1358 | 20.8 | 4:91 |9765 | 15-0 
2850 | 15:6 
2500 | 8 4 8 28 17 28 1349 | 20:7 | 5:13 | 2935 | 16-0 
2600 | 8 12 3 39 16 26 1341 | 20:6 | 5:35 | 3090 | 16:5 
2700| 8:0 3 50 15 25 1332 | 20:4 | 5:58 | 3105 | 17-0 
2800 | 33 4 0 14 24 1824 | 20:83 | 5:80 | 3190 | 17:5 
2900 | 3 37 411 14 23 1315 | 20:1 | 6:08 | 3275 | 18:0 
8310 | 18:5 
8000 | 3 46 4 21 13 23 1307 | 20:0 | 6°25 19:0 
3100 | З 54 4 82 18 21 1299 | 19:8 | 6:48 | 8520 | 19-5 
8200 | 43 4 43 12 20 1290 | 19:7 | 6:71 | 8600 | 20-0 
8300 | 412 4 54 12 19 1282 | 195 6:94 | 3680 | 20-5 
3400 | 421 6 6 | 11 19 1274 | 194 | 7:18 | 8760 | 21:0 
3840 | 21-5 
3500 | 480 5 16 11 18 1266 | 19:3 | 7:41 | 3920 | 22-0 
3600 | 4 39 5 27 10 17 1258 | 19:1| 7:65 | 4000 | 22-5 
8700 | 448 5 88 10 17 1251 | 19.0 | 7:89 | 4080 | 23:0 
23.5 


Yards. 


8800 
3900 
4000 
4100 
4200 


4300 
4100 
4500 
4000 
4700 


4800 
4900 
5000 
5100 
5200 


5800 
5400 
5500 
5600 
5700 


5800 
5900 
6000 
6100 
6200 


6300 | 


6100 
6500 
6600 
6700 


6800 
6900 
7000 
7100 
7200 


7300 


7400 | 


750 X) 
7600 
7700 
7800 


7900 
8000 
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Ranar TABLE For 16-Іксн R.MLL. Guns or 80 TokS—ocontinued. 


- 23 lin | yards f.s. |inches.| seconds. | yards. |tenthe. 

4 57 5 50 9:8 16 1242 | 18:8 8-14 | 4240 | 24-0 

5 6 6 2 9:5 16 1235 | 18:7 8:39 | 4320 | 24:5 

5 15 6 14 9:2 15 1928 | 18:6 8:64 | 4400 | 25:0 

5 24 6 27 8:8 15 1220 | 18:5 8:88 | 4480 | 25:5 

5 88 6 40 8:6 14 1218 | 18:8 9:12 | 4560 | 26:0 
4640 | 26-5 

5 43 6 53 8:3 14 1206 | 18:2 9°37 | 4720 | 27:0 

5 53 7 6 8:0 18 1199 | 18:1 9:62 |4800 | 27-5 

6 8 7 19 7:8 18 1192 | 18:0 9:87 | 4875 | 28:0 

6 13 7 83 7-6 13 1185 | 17:8 | 101 [4950 | 2875 

6 23 7 47 7.3 12 1178 | 17:7 | 10:83 |5025 | 29-0 
5100 | 29:5 

6 33 8 1 71 12 1171 | 17:6 | 10:6 | 5775 | 30-0 

6 43 815 6:9 12 1165 | 17.5 | 1079 

6 53 8 29 6-7 11 1158 | 17:4 | 11:2 

78 8 44 6:5 11 1152 | 17:3 | 11:4 

7 13 8 59 6-3 11 1145 | 17:1 | 11'7 

7 23 9 14 6:2 10 1139 | 17:0 | 12:0 

7 34 9 29 6:0 10 1138 | 16:9 | 12:3 

7 44 9 44 5:8 10 1126 | 16:8 | 12:5 

755 (10 0 5:7 9 1120 | 16:7 | 12:8 

8 5 |1016 5:6 9 1114 | 16:6 | 13:0 

816 |1082 5:4 9 1108 | 16:5 | 13:3 

827 |1048 5:2 9 1102 | 16:4 | 13:5 

888 |11 4 5:1 9 1096 | 16:3 | 18:8 

8 49 |1120 5:0 8 1091 | 16:2 | 1421 

9 0 |1186 479 8 1085 | 16:1 | 144 

911 |1153 4.8 8 1080 | 16:0 | 147 

922 |1210 46 8 1074 | 16:9 | 149 

983 |1227 4'5 8 1069 | 15:9 | 15:2 

944 |1245 4:4 7 1064 | 158 | 15:5 

956 (13 8 4.3 7 1059 | 157 | 15:8 

10 8 |1821 42 7 1055 | 15:6 | 16:0 

10 20 | 13 89 41 7 1050 | 15:5 | 16:8 

10 82 | 18 57 40 7 1046 | 15:5 | 16°6 

1044 | 14 15 8:9 7 1042 | 15:4 | 16:9 

10 56 | 14 34 8:8 6 1038 | 15:8 | 17:2 

11 9 | 14 55 8:8 6 1034 | 15:3 | 17:6 

1121 |1512 | 87 6 1030 | 15:2| 17:8 

11 3% |1581 3.6 6 1027 | 15:1] 18:0 

11 47 |15 50 8:5 6 1023 | 15:0 | 18:3 

12 0 |1610 8:4 6 1020 | 1550 | 18:6 

13 13 | 16 80 8:4 6 1016 | 14:9 | 18:9 

13 26 | 16 50 3.3 6 1013 | 148| 19:2 

13 89 |1710 8:2 5 1010 | 14:8 | 19:5 


Хоти. Тһе accuracy of this gun on a horizontal target шау ђе taken as about equal to that of the 


12:5-Inch R.M.L. gun with 210 Ibs. charge. 
Owing to the lower angles of descent the vertical accuracy із somewhat greater at elmilar 
ranges. 
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Rance TABLE For 10-гчєн В.М.Г. Сом. 


Based on Calculation. 


Charge, 337$ lb. prism.!, black. 
Projectile, 1,700 lb. 
Muzzle velocity, 1,854 f.s. 


Gravimetric density, $57... 
Jump, 2 minutes. 
т o bit an Fuze Scale, 
main- object 10 fee 

Range. | Elevation. ^ d ” ng ai Ман, rangt T —— ке 

Descent. | Velocity. | Descent. | лет | Flight. | “estimated from 

within practice with 12:5 

inch gun. 
yards. ° у ог Та. tentha. 

0 1354 19 
100 08 0 10 1345 
200-| 018 021 1337 
300 0 29 0 32 1328 
400 0 40 0 43 1319 
500 0 51 0 55 1311 
600 1 2 17 1303 
700 1 13 1 18 1294 
800 124 1 30 1236 
900 1 35 1 42 1218 
1000 146 154 1210 
1100 157 26 1262 
1200 28 2 18 1254 
1300 219 2 30 1247 
1400 2 30 2 43 1239 
1500 242 256 1232 
1600 2 54 88 1224 
1700 3 6 3 20 1217 
1800 318 3 33 1210 
1900 3 20 3 46 1203 
2000 3 42 40 1195 
2100 3 54 414 1189 
2200 46 428 1182 
2300 4 18 4 43 1175 
2400 4 30 457 1168 
2500 4 42 5 12 1161 
2600 4 55 527 1155 
2700 58 5 42 1148 
2800 5 21 557 1142 
2900 5 34 6 13 1136 
2000 547 6 29 1129 
3100 6 0 6 45 1123 
3200 6 13 11 1117 
3300 6 26 718 110 
2400 6 40 7 35 1105 
3500 6 54 1 52 1099 
3600 78 8 9 1093 
3700 1 22 8 27 1087 
3800 7 36 8 45 1031 
3900 750 9 3 1076 
4000 8%4 923 1071 
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RaNcE TABLE кон 125-імсн R.M.L. Gon or 38 tons. (Revised 2/85.) 
(Mark 1. Unchambered.) 


Based on Practice of 20. 4. 80, 22. 4.80, 24. 8. 81, and 5. 9. 81. 


Charge, 160 lbs. РЗ. Gravimetric density, nS. Mounting, iron garrison. 
Projectile, studless shell, with Mark II. gas-check, weight filled, 820 Ibs. 
Muzzle velocity, 1442 f.s. Jump, 5 minutes. 


#8 


known wi 
` 


high, 


| 
! 


inches, 
5 


Slope of Descent. 


To hit an object 10 
— 


Time of Flight. 


Angle of Descent. 
| Remaining Velocity. 


Elevation. 
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Range Тање ror 12:5хсн R.M.L. Сох, Mark I. (Compiled 3/83.) 


Based on Practice 8, 9. 75 and 23. 1. 77 with 130 Ibs, Р? 
without stick, and on Calculation. 


Charge, 130 Ibs, Ра, with stick. Jump, 5 minutes, 

Muzzle velocity, 1352 f.s. Ы егч — shell г Butomatic ga- 
30*0 check or studded shell with Mark 1, ог 

Gravimetric density, “5-5. Mark 11. gas-check, We, 820 Ibs. 


Mounting, iron garrison. 


235 2 : 
e d 2 | Fifty per Cent, of 
m 23 = |Р Rounds should fall Fuze seale for 
= УВ. 5 |= within 3 15 secs, M.L. 
$ 8 гек) 5 = wood, time esti 
& 8 |е55] ~ 5 === м mated from 
É =: Я ВЕ: 8 14 қ & | practice in 12°5 
3 3 5 “|ж 8 Es а = 2 < inch gun with 
ч в = = 3x š 50 p З = © other charges. 
3 8 8 | 1-25) E 15518 |Ë | = B 
5 < л ё я (4 ч |=|= ‚= 
| 
ds, 977 o + | Jin | удв. | Үл, | ins. | уда. | yds. | feet, | secs t fuze. 
T 0 1352 | 16°2 Ki | = 
100 0 4 010 354 500 1341 | 1671 18 0-04 | 01 0'22 255 1'0 
700 0 13 019 176 295 1330 | 16'0 19 0%7| 0-33 0:44 340 1*5 
300 0 23 029 118 198 1319 | 1578 | 18 |011 | 05 0°67 420 20 
400 | 022 | 039 88 | 147 |199 1577 | 13 |075 | 0-6 | 0589 605 2% 
500 0 42 049 | 70 117 1299 15-5 19 10:19 | 08 170% 585 3:0 
600 0 52 10 7 9 1289 154 19 | 0-23 | 1*0 1°35 670 8-5 
700 12 110 |40 82 |1279 153 19 |02 1:2 1:58 750 450 
800 112 121 42 71 1269 | №:2 19 10:31 | 1:3 1:82 830 4.5 
900 122 132 37 62 |1259 | 13570 | 19 |055 | 15 2:06 910 5:0 
1000 1 32 143 2а 56 |1250 149 19 [0430 | 1*7 2'30 990 5'5 
1100 142 154 3 50 1240 | 148 19 |0-44 | 19 2-55 1085 6*0 
1200 153 2 6 | 27 45 | 1230 | 1477 19 | 0°49 | 21 2:80 1145 675 
1300 23 218 |25 41 1221 | 145 19 [0-53 | 2'3 3:05 1225 7:0 
1400 213 240 23 38 1212 1144 | 19 0:58 | 25 3°30 1300 7 
1500 224 243 5 БЕ] 1203 | 14:3 | 20 [0-02 | 2:8 аз 1380 80 
1600 285 256 20 33 |1194 | 14'2 20 10:67 | 3:0 2.81 1455 85 
1700 246 з 9 ІН 30 | 1185 | 1441 20 |02711 | 3-2 4°07 1535 9-0 
1800 | 257 8 22 17 28 1176 | 13:8 | 20 (0:16 | 35 4:33 1610 9.5 
1900 38 336 |16 26 1167 |188!) 2 0'81 |87 4:59 1690 10:0 
2000 8 20 850 15 25 | 1158 13'7 | 20 | 0'86 |89 4°85 1765 1075 
2100 3 31 4+ 1% 23 1150 | 13:6 | 20 | 0:91 | +'2 5.12 1845 110 
2200 348 418 13 92 1142 | 134:5 | 20 | 0°06 | 4 5:38 1920 11:5 
2300 355 4 33 13 21 114 | 134 | 2 1*0 | 4:8 5°65 2000 12:0 
2400 37 4 43 12 20 |1126 | 1333 | 20 |14 5:0 5:91 2075 12:5 
2500 4 19 53 11 19 1118 |182 20 1*1 ба 6:18 2150 1270 
2600 431 ^ 18 п 18 1110 | 131 20 |1'2 (55 6744 2225 13% 
2700 4 43 534 |10 17 1103 | 13:0 | 2 12 | 5:8 6:71 2300 1450 
2800 456 5 50 98| 16 1096 | 12'9 | 20 |12 |641 6:93 2375 1475 
2900 5 9 6 6 9'3 | 16 1089 | 12:8 | 2 1-8 |64 7:25 2450 15*0 
3000 5 22 6 23 89| 15 1062 | 12°7 20 14 |67 7-52 2525 15:5 
8100 5 35 6 40 65) 14 1075 | 12:6 | 2 14 | 770 7:80 2600 16.0 
8200 5 43 6 57 в?! 14 1068 | 12:5 | 20 1:5 |738 8.08 2675 16-5 
3200 6 1 714 т а| 13 1062 | 12:4 | 20 14 | 7:6 8.36 2745 1770 
3400 614 7 32 7:5 | 13 1056 | 12:3 | 20 rö | 8:0 864 2820 1115 
3500 6 28 7% PE | 12 1051 | 12:3 | 20 17 8.3 8°92 2895 1870 
3600 641 8 8 7'0 12 | 1046 | 12:2 ] 20 1'8 | 8:6 9:20 2970 1835 
8700 6 55 8 26 67| 11 1041 (124 | 20 |18 |89 9.49 3040 19*0 
8500 7 9 8 44 6:5 11 1086 | 12:0 | 20 |19 |9'2 9°78 3115 19:А 
3900 7 23 9 3 6'3 | 10 1031 | 12:0 | 20 |20 |96 10:1 3190 2070 
4000 7 37 9% 60!) 10 | 1026 |119 | 20 |241 10 |104 3265 205 
4100 ты 9 41 5'9 10 1021 | 1158 2 2*1 10 107 3340 21-0 
4200 B 5 10 1 5'7 10 1016 | 11'8 | 20 |2'2 il 11:0 3415 21% 
4300 819 |1021 5°5 9 1011 | 11°77 | 21 2:3 п 11°3 3490 22°0 
4400 834 11041 53 9 1006 | 11°6 | 21 (24 12 11156 3560 22:5 
4500 849 |11 1 5.1 9 1001 | 11.6 | 21 |25 12 по 3635 23% 
4600 9 4 (1122 5% 8 997 | 11-5 | 2 2.6 13 12:2 8710 23*5 
4700 9 19 11 43 4'8 8 994 | 11'5 | 21 |27 14 12:5 3755 2470 
4800 9% 12 4 47 з 989 | 11-4 | 22 | 2-8 14 12:9 3860 2455 
4900 950 | 12 25 45 в 984 | 11-4 | 22 | 2:9 35 |132 3930 2570 
5000 |10 6 |1246 44 1 979 | 1173 | 22 130 16 (155 4005 2575 
5100 |1022 |13 8 453 7 975 | 112 1839 4080 2670 
5200 | 10 38 13 30 4:2 7 971 | 11-2 14:2 4155 26 *5 
5300 | 10 55 | 13 53 әгі 7 967 | 11.1 1456 4225 270 
5400 1112 | 14 16 4'0 1 963 | 11 14:9 4300 2745 
5500 |1129 |1440 379 6 959 | 1120 15.3 4375 28'0 
5600 | 1146 | 15 4 3*8 6 955 | Ио 15-1 4450 28495 
5700 |124 | 15 28 8:7 6 051 | 1079 160 4520 29:0 
5800 | 12 22 15 53 3'6 6 947 | 109 164 4595 29:5 
5900 |1240 |1618 8% 6 943 | 103 167 4670 30-0 
6000 | 12 59 | 16 44 34 б 939 | 1098 по 


Digitized by Google 


| 
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Rance TABLE ков 12:5-1хсн В.М... Gon оғ 38 tons. Mark 1. 


Based on Calculation. 


32:0 


Charge, 100 Ibe. P*. Gravimetric density, 0-867 


Jump, 3 minutes. 
Projectile, common shell, weight 820 lbs., Mark ТІ. gas-check. 
Muzzle velocity, 1250 f.s. 


23 
ow 
> ух 3 
{ $8 5 В Fuze Scale. 
— — — 
8 55 5 Fiftcen Seconds 
4 А 3» Е Wood 
5 з = 5 Е - M.L. Time Fuze. 
3 14 353 2 
= | a š o^ E 
ы | 4 е Е 
| 
yas, өзе жи f.s. lin уда. Becs. yds ins. 
100 07 0 12 1240 | 286 447 0-24 240 19 
200 017 0 22 1231 | 156 260 0-49 320 15 
300 028 0% 1222 | 107 179 0-74 395 2:0 
400 0 39 0 43 1213 80 133 0 99 475 2:5 
550 3-6 
630 35 
ко 0 50 0 54 1204 64 106 24 105 40 
600 11 16 1195 52 87 1-49 180 45 
ç 112 118 1187 “ 13 1-74 860 5-0 
800 123 1 30 1119 38 64 1-99 935 5% 
900 184 1 42 1171 м 56 2:74 1015 6-0 
1095 6:5 
wooo | 145 | 1м | пе | 30 50 249 | HD 13 
1100 1% 27 1155 27 45 2°75 d 52 
1200 27 2 20 1147 25 4 3:00 Чэн eS 
1300 219 2 33 1139 22 38 3-26 15 3 
1400 231 241 1131 21 34 352 НЬ dH 
1635 10-0 
1500 2 43 31 1123 19 31 37 то 30-5 
1600 25 315 1115 18 29 405 1785 11:0 
1700 3 1 3 29 1107 16 21 4532 1860 15 
1800 319 343 1099 15 26 4-60 1935 12-0 
1900 331 858 1092 14 2 4°88 2010 12-5 
2160 8% 
2000 34“ 413 1085 T 23 5-16 ! 
2100 8 57 428 1078 13 21 544 sx ын 
2200 410 4“ 1072 12 20 5:72 s ns 
2300 4 23 Бо 1066 Т 19 6% и из 
2400 4 36 5 16 1060 11 18 6-29 n 5% 
2595 16-5 
2500 4 49 5 33 1054 10 17 6-58 179 
2600 53 5 50 1048 9:8 16 6:86 2740 175 
2100 5 17 6 7 1043 9-3 16 1:15 2810 18-0 
2800 53 6 25 1038 8% 15 TA 23-5 18-6 
2900 5 45 6 43 1033 8% 14 1113 2960 19-0 
3030 19-5 
3000 5 50 71 1028 81 1⁄4 8-02 Hee os 
3100 6 13 119 1023 1-8 13 8°31 мэ 232 
3200 6 27 128 1018 1:5 12 8-60 эм нэ 
3300 641 757 1013 1% 12 8% as ЭЭН 
3400 656 816 1009 6:9 11 92 bee => 
! 3520 23-0 
3500 79 8 35 1005 6-6 11 9-5 3590 23-5 
3600 7 23 8 54 1001 64 m 9% 3655 21:0 
3100 737 9 13 997 62 10 10-1 3755 24-5 
3800 761 9 33 993 5:9 10 104 790 25:0 
3900 8 6 9 53 989 57 10 10-7 3860 25-5 
= | 21 
4000 821 | 1013 985 5:5 9 11-06 
4100 | 836 | 1033 981 54 ° jua | 2 
4200 851 | 1053 971 52 9 11-7 18 as 
4300 эт [па 973 5-1 9 12-0 n z 
4400 923 | 1125 969 5% 8 12:35 си — 
| 4390 29-5 
4500 929 шав 965 48 8 12:05 4460 30-0 
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Каков TABLE For 12:5-тксн R.M.L, Gun or 38 tons. (Mark II. 
chambered.) (Revised 2/85.) 


Based on Practice of 30. and 81. 1. 82. 


Charge, 210 lbs. prism.?. Gravimetric density, ы, 


Projectile, studless Palliser shell, weight 820 Ibs. 
Muzzle velocity, 1575 f.s. 

Mounting, iron, garrison, with hydraulic buffers. 
Jump, 5 minutes. 


5 4 
: . |8 55 3 Fifty per Cent. of Fuze scale for 
E 
5 | 4 24 8 |. > Rounds should as | 15Seconds M.L. 
> fall within 4 Wood Time 
8 5 = Fuze. 
83 : ы = 
5 ч ss РЕ è j 8 % 5 Based 
$ | & See) 85 Riel) Е 
4 |è је" "ја а | ЕГЕ L 
yas. 179. у * 4 ft. | secs. уда. 
0! 0 1] 07 0.1 | 0:19 260 
200 | 08| 014 245 410 1649 | 19'1| 22 |0-07 | 0:3 | 0:38 350 1:6 
300 | 015] 0211164 213 1536 | 18:9 | 22 [0-11 | 04! 0-58 440 2% 
400| 0 22| 028 |123 205 1523 | 18"7 | 22 |014 | 0%! 0-78 530 2-5 
500 | 0 29 | 0 35 | 98 164 1510 | 18:6 | 22 [0-18 | 0°7 | 0:98 620 3-0 
600 | 036| 043|80 133 1497 | 184 | 22 |0:21| 0-9 | 1418 710 3.5 
700 | 043 | 051 | 67 112 1485 | 182 | 22 | 0:25 | 1:0 | 1:38 800 40 
800 | 050 | 059 | 58 97 1473 | 18'1| 22 (0229 | 12| 159 890 45 
900 | 058| 1 7151 86 1463 | 17'9 | 22 |042! 13! 1-80 980 50 
1000 | 1 6 1 15 | 46 76 1449 | 177 | 22 | 0°37 155 | 2-01 1065 5:5 
1100 | 114| 124|41 68 1437 | 17:6 | 22 10:41 1'6 | 2:22 1155 6% 
1200 | 1 22| 133 | 37 62 1425 | 1714 | 22 | 0°45 | 18! 243 1240 6:5 
1300 | 1 30| 143 | 33 56 1413 | 17:2 | 22 |049! 2:0| 2-64 1330 70 
1400 | 138! 1 53 | 30 51 1401 1711) 22 | 0°53] 2:2 | 2:85 1415 17:55 
1500 | 14 | 2 4 |23 46 1389 | 16:9 | 22 |058 | 2-4 | 3:07 1500 8-0 
1600 | 1 54 | 215 | 25 42 1377 | 161!) 22 (0862 | 2-6 | 3-28 1585 8:5 
17100 | 2 3| 228 | 23 39 1366 | 166 | 22 |0:67| 2:8 | 8°50 1670 9% 
1800 | 212| 2 37 | 22 36 1355 | 164 | 22 |071| 30| 3-72 1155 9:5 
1900 | 221] 248 | 20 84 1344 | 16:8 | 2 (10776 | 3-2 | 3:94 1840 100 
2000 | 230| 2 59 | 19 32 1333 | 161 | 22 | 0°81 | 3:4| 4°16 1925 10-5 
2100 | 239 | 310 | 18 80 1322 | 16:0 | 22 | 0-86 4 2010 11°0 
2200 | 2 48| 320117 29 1812 | 15:88 | 22 |0%0 115 
2300 | 257| 332 | 16 27 1302 | 15°7 | 22 | 0°95 2180 12°0 
2400 | 3 6| 344 | 15 26 1292 | 15:5 | 22 1190 2265 12:5 
2500 | 315| 366 | 15 24 | 1282 | 15:4| 22 |150 2350 | 139 
2600 | 324| 4 8114 23 | 1272 | 15:3| 22 111 2430 | 135 
2100 | 333 | 4 20 | 13 22 1262 | 152 | 22 |141 2515 18% 
2800 | 343| 432 | 13 21 1252 | 15'0| 22 |1'2 14*5 
2900 | 358| 446 | 12 20 1242 | 149 | 22 |12 2675 150 
3000 | 4 3| 458 | 12 19 1232 | 148 | 23 1133 2755 15% 
3100 | 413| 511|11 18 1223 | 1477 | 23 |133 2835 16:0 
3200 | 423| 524|11 18 1214 | 14:55 | 23 |14 2915 16% 
3300 | 433] 637 | 10 н 1205 | 14:4| 23 |14 2990 170 
3400 | 443| 550| 98 16 1196 | 14:3| 23 [1:5 2070 17:5 
3500 | 403| 6 3| 94 16 1187 | 14:2 | 23 |15 3150 180 
3600 | 5 4| 617| 91 15 1178 | 14:1| 23 1'6 3230 18:5 
$700 | 514| 631| 88 15 1169 | 13:9 | 23 |117 3310 190 
3800 | 525| 6 45| 88 14 1160 | 18'8| 23 |117 3385 19% 
3900 | 535| 659) 82 14 1152 13:7 | 23 |18 3465 20-0 
4000 | 546 | 714| 79 13 | 1144 | 13:6 | 24 |159 3540 | 20:5 
4100 | 556| 729| 7°6 18 1126 | 13:6 | 24 129 3620 21-0 
4200 | 6 7| 744| 14 12 1128 | 1444 | 24 |20 3695 21:5 
4300 | 6171 80! 171 12 1120 | 132! 24 |241 3775 21'0 
4400 | 628| 816| 69 11 1112 | 13'2 | 24 |2? 3850 22°5 
4500 | 639) 832| 67 11 1105 | 13'1| 25 |23 8925 23:0 
4600 | 650 | 849 | 64 H | 1098 | 13:0 | 26 |24 4000 | 23.5 
4700 | 7 1| 9 6| 672 10 1091 12:9 | 25 |2'5 4080 24:0 
4800 | 712| 922! 61 10 1084 | 128 | 25 |2'6 4155 245 
4900 | 723| 939 | 5:9 10 | 1077 | 12:7 | 26 |27 4230 | 25'0 
5000 | 7 34| 946 | 58 10 1070 | 19°6| 26 |28 4305 25:5 
5100 | 746110 3| 5% 9 1064 | 12:5 4380 26% 
5200 7 57 | 10 21 5% 9 1058 12:4 4455 26 *5 
5300 | 8 9 1039 | 5%2 9 1053 | 12'3 4530 27% 
5400 8 21 | 10 57 5'2 9 1048 12:3 4605 21'5 
5500 | 833|1115| 590 8 1043 | 122 4680 28-0 
5600 | 8 45 | 11 34 | 49 8 1038 | 1241 4155 28:5 
5700 | 8 58 | 11 53 | 4'8 8 1033 | 12:0 4830 29-0 
5800 | 911 | 1212| 47 8 1028 | 12:0 4905 29:5 
5900 | 924 | 12 32 | 4% 7 | 1023| 119 4980 | 30-0 
6000 | 9 27 | 1252 | 44 7 1018 | 11:8 
6100 | 951 | 13 12| 43 1 1013 | 11:8 
6200 | 10 5 | 13 33| 41 7 1008 | 117 
6300 | 10 19 | 13 54 | 4'0 7 1003 | 11% 
6400 | 10 33 | 14 16 | 39 7 999 | 115 
6500 | 10 47 | 14 38 | 3:8 6 995 | 1155 
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RANGE TABLE FOR 12:5-тнсн R.M.L. бох, (Marx IL) 
Based on Calculation. 


Charge, 157% lbs. Prism, 

Gravimetric density, ты. 

Projectile, 820 lbs., with automatic gas-check. 
Muzzle velocity, 1316 f.s. 

Jump, 3 minutes. 


š 
pen. ө 27 - £ f.s. lin yards, seconds. tenths, 
100 0 7 0 12 1305 286 471 0-23 1:0 
200 0 17 0 22 1295 156 260 0°46 1'5 
300 0 27 0 32 1284 107 179 0:69 20 
400 0 37 0 42 1274 82 136 0:92 2:5 
мо 0 47 о 5 1264 65 108 1'16 зч 
600 0 57 1 4 1255 м 90 1°40 35 
700 1 7 1 15 1245 46 76 1°64 40 
800 117 1 28 1236 40 67 1°89 4°5 
900 1 28 1 38 1226 35 59 2-14 5:0 
1000 1 38 l 60 1217 31 52 2:39 5:6 
1100 1 49 2 2 1209 28 47 2°64 6% 
1200 2 0 2 14 1200 28 43 2-89 6:5 
1300 2 11 2 26 1191 2А 39 3:14 170 
1400 2 22 2 39 1182 22 38 3°39 15 
1500 2 33 2 52 1173 20 23 3°64 8°0 
1600 2 44 3 6 1165 18 31 3:89 85 
700 2 55 3 20 1157 17 29 4°15 9% 
1800 3 7 з м 1149 16 27 4°40 9.5 
1900 3 19 8 48 1141 15 25 4°66 10-0 
2000 8 31 4 2 1133 14 23 4°92 10:5 
2100 з 43 4 17 1126 13 22 5:18 1% 
2200 3 55 4 32 1118 13 21 5:45 11:5 
2300 4 1 4 47 1110 12 20 5:72 12°0 
2400 4 20 53 12:5 
2500 4 22 5 17 13*0 
2600 4 45 5 33 13-5 
2700 4 58 5 49 14:0 
2800 6 11 6 5 1455 
2900 5 24 6 72 15*0 
3000 5 87 в 39 1555 
3100 вы 6 56 160 
3200 6 4 7 13 16% 
8300 6 18 7 31 11%9 
3400 6 32 7 49 17-5 
3500 6 46 8 1 18-0 
3600 7 0 8 25 18:5 
3700 7 14 8 43 190 
3800 7 28 9 2 19:5 
3900 7 42 9 21 20-0 
4000 7 51 9 40 20:5 
4100 8 11 9 59 21:0 
4200 8 26 10 18 999 9 21:5 
4300 8 40 10 37 994 5:3 9 11:5 
4100 8 55 10 56 990 5:2 9 1118 
4500 9 10 П 16 985 58% 8 12:1 
4600 9 24 11 36 980 439 8 12°45 
4700 3 39 11 56 976 4:7 8 12715 
4800 9 54 12 16 971 46 8 131 
4900 10 9 12 87 967 4:5 7 134 
5000 10 24 12 58 963 +з 1 1237 
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RANGE TABLE ғов 12-1NcH R.M.L. Сом, 35 tons. (Revised 3/85.) 
Based on Practice of 22. 12. 79., 13. 2. 80., and 8. 3. 80. 


Charge, 140 Ibs. РЗ. Me 


Projectile, studless shell, with automatic —— or studded 
Palliser shell, with Mark I. or Mark II. gas-check, weight 714 lbs. 

Muzzle velocity, 1390 f.s. 

Mounting, wood, garrison. Jump, nil. 


13 . 3 Fifty per Cent. of 
о ы to Rounds should Fuze Scale for 
а | £28 3 Ë fall within 15 secs, M.L. 
EPE © Е — 4 Wood 
509 | > A : £ Time Fuze. 
о Е > 8 | Ë Estimated from 
io. 8 g 2 . m practice 
5 | oak Eg # | š | $ | in12-5and 
& |238 v 3 9 | 9 | 1l-inch Guns. 
о о S" в 8 
а |в x а m= а 
2% яг, еліте х уда. | yds. | secs. | yds. | fuze. 
10 | 0 8 | о 8 |420 0-21} 255 | 1-0 
200 | 017 | 017 | 200 0-43) 345 | 15 
300 | 025 | 027 |127 | 0-65 | 430 | 2-0 
400 | 035 | 037 | 93 0-87 | 515 | 2-5 
eo | oss | ose | ei Е 1:33 | em | зо 
miis 5 [s mt 
1 16 . 4-5 
900 | 121 | 126 | 40 2-02 | 930 | 5-0 
1000 | 131 | 137 | 36 3 2:26 | 1010 | 5:5 
1100 | 141 | 149 | 32 * 2:50 | 109 | 69 
1200 | 150 | 2 1 | 29 = 2:74 | 1170 | 6-5 
1300 | 2 0 | 213 | 26 5 2:98 | 1250 | 79 
НЕ ЧЕЧЕ: 
m E 5 ms 
3 
1800 | 250 | 312 | 18 8 | 4:22 | 1645 | 955 
1900 | 3 0 | 324 | 17 4'47 | 1720 |109 
2000 | 310 | 336 | 16 % 4-72 | 1800 |105 
Е: ев 
в : 
2300 | 343 4 15 13 yË 5:49 | 2025 | 12:0 
m i's | te | i 85 [eat] aie [us 
2500 4 5 | 442 : 0 
2600 | 416 | 456 | 11 22 6-27 | 2250 |135 
2700 | 428 | 511 | 11 ы 653 | 2325 | 14-0 
2800 | 439 | 526 | 11 85 6:79 | 2400 | 14:8 
2900 | 450 | 541 | 10 34 1:06 | 2475 | 15:0 
3000 | 5 2 | 567 | 9 st 7:33 | 2550 | 15-5 
3100 | 515 | 613 9 8 7:60 | 2625 | 16% 
3200 | 525 | 629 | 8 8 7°87} 2700 |16% 
100) от | 646 | 8 ij 844 | 208 | 17-0 
3400 | 550 2 ° 8-41 | 2850 ‘ 
3500 | 6 3 | 719 | T 8:69 | 2925 | 18°0 
3600 | 616 | 736 | 7 2 897| 3000 |18% 
3700 | 630 | 753 | 7 ө 9-28 | 3075 |19°0 
3800 | 643 | 811 1 9:53] 3150 | 19% 
3900 | 656 | 829 | 6 8 9-81 | 3225 |%0% 
ЧЕЧЕ ЧЕЧ 
0 5 ° а . Š 
4200 | 738 | 924 | 6° 10:7 | 3450 | 215 
4300 | 752 | 943 | 5 E 10-9 | 3025 |22'0 
28|221 2| 13 з з |а| нэ 
0 21 5 117 я 
И 1 1 jas | | 
1| 8 5 12. : 
Ө0|916|14| ed в 5 124 | 308 |250 
f 4l 5 19: Д . 
5000 921 12 1 4. 8 5 13:0 25'5 
5100 | 946 |1222 | 4 8 8 13:3 | 4125 | 26-0 
5200 |10 1 | 1243 | 4 1 2 13-6 28-5 
5300 | 10 16 113 4 | 4 7 8 139 | 4275 | 27-0 
5400 | 10 32 |1326 | 4: 7 a 14-3 | 4350 | 27-5 
5500 | 10 47 | 1348 | 4 7 2 14-6 | 4420 | 28-0 
600 |11 3 |1410 | 4 1 5 М9 | 4490 |285 
5700 | 119 |1432 | 4 7 Е 152 | 4560 |290 
5300 |1135 |1455 | 3 6 156 | 4630 | 29-5 
5900 | 1151 |1817 3 6 159 | 4100 | 30-0 
6000 | 12 8 11540 | 3 6 163 
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Rance TABLE ror 12ахси R.M.L. бих оғ 35 Toss (S.S) 


Based on Practice af 16. and 17. 12. 85. 


| Range, 


1700 
1590 
110) 
2000 
2100 
го) 
зао 
2400 


yo 10 
2) 
Wow 
8100 
11200 
3300 
gin 
2500 
8600 
8709 
8-00 

00 
4000 


ast © 15 65 ts te fe 


< 4 d ¿+ + ©з = 


Ет = ~ = 


т т 


— – = — — 


Q 


Charge, 55 Jb. Г2, Gravimetric density, у: : 


MUN 


Projectile, common shell, Mark IJ. pas-check; weight 620 1b, 


Muzale velocity, 1244 fs. 


Carriage, wrought iron, garrison «ІЛІП, 
Jump (estimated), 4 minutes, 


| а; ilu 
ы, т š ara 
| 2 š =š aid 
š = ви Rest 43 
5 a Ttg —— Ж Еше Seale. 
= = т .т Е 
4 | Ls уін. әзіз. | тез tenth 
| 1 
| Tunt ома i 
| 020 | 1222 м 029 | p.47 2. 
ом | ши 49 143 0:72 - 
| ow 120 47 004 | 0“7 1 
0 73 ny % ET 101 А 
| Ln 1174 an 0:87 lus ^ 
ШЕЛ ШЕ ц Ll 174 2 
ім | из 41 1:16 2 7 
1 48 1115 42 1541 2520 : 
uw 1134 41 ч» м Ре 
2 16 1129 405 160 2°74 Я 
% 30 1120 40 174 чу HU 
? 4 11 3-5 Tes КЕД Hs 
зан 1101 HUI 8704 au i 
gle шта qn 219 | 8% 4: 
qu 10-» aen zu “И 15 
| зї 10-1 за 547 442 М 
307 174 дА ичи 47) 147 
| 418 | шт 57-2 8710 ГЕ уа 
| іл wg aT аз 526 16 
141 WT PII eon оа |: 
3 7 ши We әзі n2 17 
hag 1092 PT EY, 64410 Қ 
14% ПТА a dus (ds 11 
idi 1023 ли па DET: A 
6 0 107 fen #3 ow word 
016 1012 WA 222 155 3 
6 53 илт 55 чт tul is 
G 4n 1002 ва 41 та РЕ 
70 | мт ші 4524 a E х) 
Tu ina 8170 гм м я 
1 40 (Ат “к 4-0 AT 75 
TiS pg M 480 2-04 3 
8 1f 477 М ізі 0:34 I 
"d aya 846 227) 800 7 
өм az 335 Aud 898 
" 10 0%? 8470 5:38 1001 
5 д9 927 33 бела 10°04 
943 952 aM 6-01 10:98 
ш 7 “17 ЕТЕ ns 11:22 


Digitized by Google 
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Rance TABLE FOR 12-mcn R.M.L. Gun оғ 85 TONS. 
Based on Practice of 16. 5. 81, and on Calculation. 
Charge, 85 lb. P?, 
Projectile, studless shell, with automatic gas-check ; weight 714 lb. 
Muzzle velocity, 1180 #.в. 
Gravimetric density, Ee ” 
Jump (estimated at) 5 minutes. 


Estimated Fuze 
scale. 15 secs, M.L. 
Wood Time Fuze.* 


Angle of Descent. 
$ | Time of Flight. 


о 
~ 


Ч 
e 


боз ЁН» 555 oa 
585 ZS RS 
^de: ж ү or 
85 S88 Sau z 
" 


Мес 


óóoódoóoóoóoóoódoóóoólólo 


- 


558 
255 Bro 
887 855 


i 


S28 
ESS 


лӛзбеба 


c 


Iv? #82» 
856 $85 
S58 


A die 
е 
sSadaS 


а Сз @; D Q" 4» ве C2 C0 IO eÓ f С © QOO OD ж =3 =3 G, GO: Сл Ok d о 02 IO ID 


— = а єз w е w ке кә км кемі к ке кі 
TELDI- 


85% 
ое © 


Bas 


~ 


5-5 Fao 5855 „58 
Хө ок Фо 


© „сл 
$28 SSS 888 


to 


Фо ооз 84h QQA соо Bek осе өсе NON MR ноо oo 
Я 
es 
a 


eoo осо «эээ 


9 
а” 


“ o0 


кө 


о 


0 
о 
9 
0 
9 
1 
1 
1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
3 
4 
4 
4 
4 
5 
5 
5 
5 
6 
6 
6 
6 
7 
7 
7 
1 
8 
8 
8 
8 
9 
9 


aS 5.85 Боз 
ФФ COG ооо ANN -100 оо 


8п 858 als 


м 171 
=° соо v 


* Based on practice іп 11-inch and 12°5-inch guns with —ÀÀ 4 
20 
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Камов TABLE FOR 12-мсн R.M.L. Gon or 85 Tons. (LS.) 


110 
121 
1 32 
143 
1 64 
25 
2 16 
227 
2 38 
2 50 
32 
8 14 
3 26 
338 
8 50 
42 
4. 
4 26 
4 38 
451 
5 4 
617 
5 30 
543 
5 56 
6 9 
6 22 
6 36 
6 50 
74 
718 
742 
7 46 


Based on Calculation. 


Charge, 1101b. P. Gravimetric density, 5-7 š 


Projectile, studless Palliser; weight 820 Ib. 
Muzzle velocity, 1240 f.s. 
Mounting, iron, garrison. 


Jump, 5 minutes. 

i ін 
š š А ДЇ 
111 nip: 
Pm 


48 
12 1272 48 0:87 1°38 % 
113 1262 48 101 1°61 4 
124 1252 4 1:16 1°84 

1 36 1242 47 1.31 2-08 % 
148 1232 47 1:45 2:32 5 
20 1222 46 1:60 2-56 4 
212 1212 46 174 271 10 
2% | 1202 46 1-89 246 | 17 
2 36 1193 46 2-03 321 116 
248 1134 45 2-18 346 Aa 
зо 1176 45 2:22 3°72 13 
312 1166 45 2°47 БОЈ 4” 
3 25 1157 45 2:61 474 4% 
338 | 1148 “ 216 | 400 | B, 
8 51 1139 m 2-91 4-86 16 
44 1131 4 3-05 513 и» 
418 1123 43 3-20 5-40 115 
4 33 1115 43 3°34 5-67 ЈЕ 
448 1107 43 3-49 5% 19 

5 3 1099 42 3:63 6-21 mt 
5 15 1091 42 3°78 6-48 205 
5 33 1083 42 3-92 6:76 2s 
5 48 1076 4 4-07 7:04 22 

6 3 1069 41 421 7°82 > 
6 19 1062 40 4°36 7°60 23 
6 35 1056 40 ағы 7°88 И 
6 51 105) 39 4°65 8-16 25 
78 1045 39 4580 8:44 ы” 
725 1040 38 4-94 8°72 28-5 
742 1035 38 5-09 9-0 

8 0 1030 37 5-23 9-28 

8 18 1025 37 5-38 9°56 

8 36 1020 37 5-52 9:84 

8 54 1015 36 5°67 10-22 

9 13 1010 38 


5°81 10:49 


each Range 
Time of Flight. 
a 
| 
і 
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Rance TABLE ror 12-1хсн К.М, Gon оғ 25 tons, (Revised 3/85.) 
Based on Practice of 17. 12. 78. 


Charge, 85 lbs. Р?, 
sis, studless shell or studded Palliser shell, with Mark I. or Mark II. 
gas-check ; weight, 615 lbs. " 


Muzzle velocity, 1292 f.s. 
Mounting, iron, garrison. 


Jump, 5 minutes. 
о 
4 2% . | Fifty рег Cent. of 
4 Ч ї š Bounds should fall 
я > „= within š Fuse Scale 
94% te 2 = 15 secs. 
~ а |82 : E | M.L. wood 
3 2 ° |= :3 а|а |4 5 time fuze. 
8 & = > a o 2 8 
5 23 от ЕЕ ЕЕ 3 
ы < е је Ë а Е 
ses е ч st lin yds. | fect | secs. | yds. |tenths 
100 | 0 5 | 010 | 333 28 |0:04| 02| 0-23] 210 | 19 
200 | 015 | 021 | 164 28 |0:09| 0-5 | 0-46 | 305 | 1% 
300 | 025 | 031 | 111 28 | 0:13] 07| 0:70| 390 | 20 
400 | 036 | 042 82 28 |018| 10| 0-94] 465 | 2-5 
500 | 046 | 053 65 28 |023| 1'3| 1°19] 550 | 3:0 
600 | 057 | 1 5 53 28 |027| 16] 1:44 | 630 | 35 
700 | 1 8 | 117 45 28 |0:32| 19| 1-69 | 710| 49 
800 | 119 | 128 39 28 |037| 21| 1941 790 | 45 
900 | 120 | 140 34 28 |042 | 24| 2-20 |. 870 | 59 
1000 | 141 | 152 31 28 |041| 21| 2-46 | 950 | 55 
1100} 152 | 24 28 28 |0:52| 30| 2-72 | 1030 | 69 
1200 | 2 3 | 217 25 28 |0-57 | 3:4| 2-98 | 1110 | 65 
1300 | 214 | 230 23 28 |063) 27| 3-25 | 1190 | 79 
1400 | 226 | 244 21 28 |0-68 | 4'0| 3-52 | 1270 | 7-5 
1500 | 238 | 258 19 28 |074| 4:4| 3-79 | 1350 | 89 
1600 | 260 | 312 18 28 |0'80 | 4'8 | 4-06 | 1430 | 85 
100 | 3 2 | 327 7 28 |0'86 | 5'1| 4-34 | 156 | 90 
1800 | 314.| 342 5 29 |092| 5'5| 4-62 | 1580 | 9'5 
1900 | 326 | 357 14 29 |098| 59| 4%0|160|109 
2000 | 328 | 412 14 29 |150 | 63| 5-18 | 1720 | 105 
2100 | 351 | 428 13 29 |11 | 6-7 | 5'47 | 1195 | 11:0 
2200 | 4 4 | 44 12 29 |12 | 72] 5-76 | 1870 | 11:5 
2300 | 417 | 5 0 11 30 |12 | 77| 6 1955 | 12-0 
2400 | 430 | 516 п 30 |13 | 8:2| 6:34 | 2020 | 12:5 
2500 | 443 | 533 10 30 |1'4 | 8-7 | 6-64 | 2090 | 13°0 
2600 | 456 | 560 9-8 30 |1'5 | 9-3 | 6-94 | 2160 | 13°5 
2100 | 510 | 6 7 9.3 81 |15 | 99| 7-24 | 2230 | 14-0 
2800 | 524 | 624 8-9 31 (16 | 11 7:54 | 2300 | 14-5 
2900 | 538 | 642 8-5 з 117 | 11 7-84 | 2310 | 15-0 
3000 | 552 | 70 8:1 18 |12 8:15 | 2445 | 155 
3100 | 6 6 | 719 7-8 19 |13 8:46 | 2515 | 16-0 
3200| 621 | 738 1:5 2-0 | 13 8°77 | 2590 |165 
3300 | 636 | 757 7:2 21 |14 9-08 | 2660 | 17-0 
3400| 651 | 817 6:9 2:2 | 15 9°40 | 2730 | 17:5 
3600 | 7 6 | 837 8:6 11 23 |15 9-72 | 2800 | 18-0 
3600 | 721 | 857 6-3 11 24 |16 10-0 |2870 | 18:5 
2700 | 736 | 917 6-1 10 2:5 |17 104 | 2940 | 19% 
3800 | 751 | 938 5:9 10 2:6 |18 10:7 | 3010 | 19-5 
3900 | 8 6 | 959 57 9 27 |19 1% | 3080 | 200 
4000 | 822 | 1020 8% 9 28 |2 11-4 | 3150 | 205 
4100 | 838 | 1041 53 9 1:7 | 2220 | 21-0 
4200 | 854 | 11 2 51 9 12-0 | 3290 | 215 
4300 | 910 | 11 23 5:0 8 12:3 | 3360 | 22% 
4400| 926 | 11 45 4-8 8 12-7 | 3430 | 22-5 
4500 | 942 | 12 7 4% 8 13-0 | 3500 | 23-0 
4600 | 959 | 1229 45 8 13-3 | 3570 | 23:5 
4700 | 10 16 | 12 51 44 7 9:2 13-6 24-0 
4800 | 1033 |1313 43 7 9-1 14:0 | 3710 |245 
4900 | 10 00 | 13 36 41 7 9-1 14-3 | 2180 | 25-0 
5000 | 11 7 | 13 59 4% 1 9-0 14:6 | 3850 | 25°5 
5100 | 1124 |1422 2% 7 9-0 14:9 | 3920 | 26-0 
5200 | 1131 |1445 3:8 6 8-9 15:2 | 3990 | 26:5 
5300 | 11 68 | 15 8 31 6 8-9 15:5 | 4060 | 27'0 
5400 | 12 16 | 15 32 3% 6 8-8 189 | 4130 | 275 
5500 | 1234 | 15 56 35 6 8-8 162 | 4200 | 28-0 
5600 | 1252 | 16 20 34 6 8-7 16:5 | 4265 | 28:5 
5700 | 13 10 | 16 45 3:3 6 87 16-9 14330 | 29-0 
5800 | 13 28 | 17 10 82 5 8% 17:2 | 4395 | 29% 
8900 | 12 46 | 17 35 3:2 5 17:5 | 4460 | 30% 
6000 | 14 5 |18 0 3-1 5 1% 
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RANGE TABLE ғов 12-mcH R.M.L. GUN or 25 rons 


Based on Calculation. 


Charge, 55 lbs. Р. Gravimetric density, хз 


Projectile, studded common shell, filled with Р. and Е.О. powder, with Mark II. 
gas-check. Total weight, 521 lbs. 


Mounting, W.I., garrison. 
Jump, 12 minutes, 


Muzzle velocity, 1140 f.s. 


ap hit an 
bject 
Range. | Elevation. a ig тере ~ эм "€ ЯГ талын 
Descent. Descent. be known Flight. Wood Time Fuze. 
within 
yards. е 9 y : E yards seconds yards. tenths, 
0 п 2 1'0 
100 0 13 286 471 0:26 315 15 
200 6 13 0 26 132 238 0°53 390 2°0 
300 0 26 040 86 143 0:70 465 2:5 
400 0 40 054. 64 106 1:07 540 3.0 
500 0 24 1 2 n 9 ЫН 610 3:5 
600 1 7 1 Ч 690 4 
700 121 1 38 35 58 1°91 750 45 
коо 1M 153 30 51 2:19 825 5:0 
900 1 49 29 27 44 2°48 900 55 
975 6% 
1000 2:4 2 25 24 39 2°77 1050 6'5 
1100 2 19 241 21 36 3:06 1120 1:0 
1200 2M 257 19 33 3°35 1190 75 
1300 2 4 314 18 30 3°64 1260 8:0 
1400 з 4 3 31 16 27 3:93 1330 85 
1500 3 19 3 48 15 25 4:23 1400 9.0 
1600 » 34 45 14 33 4°53 1470 9-5 
1700 3 49 4 23 13 22 4:83 1540 10:0 
1800 4 5 441 12 20 6°13 1610 10:5 
1900 4 21 4 59 п 19 5'43 Нээн по 
50 11:6 
2000 $ 27 5 18 11 18 5114 1820 12°0 
2100 453 5 37 10 17 6°05 1890 12°5 
2200 5 9 5% 9% 16 6:26 1960 13:0 
2300 5 25 616 9-1 15 6:67 2030 13:5 
200 | ы | 65 $3| м | { | is | M2 
о 58 Ч ы 4*5 
6 16 1 n 1. p 7°62 2240 1550 
6 83 ч TH 2310 15:5 
6 50 7 59 71 12 8:26 2380 16:0 
37 8 20 6:8 п 8°58 2445 16°5 
2510 17°0 
3000 т 24 8 42 6:5 1 8:90 2515 1155 
8100 741 9 4 6:3 10 9:23 2640 18:0 
3200 7 59 9 26 6:0 10 9°56 2705 18:5 
3300 817 9 49 5'8 10 9'89 2770 19-0 
3400 8 35 10 12 5:6 9 10:22 2835 19:5 
3500 8 ^3 10 35 54 9 10:55 2900 20°0 
2600 811 10 58 5? 9 10:88 2965 20:5 
3:00 а 20 1122 5% 8 11°22 3030 21°0 
3800 847 П 46 4:8 8 11°56 3095 21:5 
3900 10 5 12 11 4% 8 11:90 3160 22% 
8225 22.5 
4000 10 24 12 28 45 7 12:2 8290 23:0 


Rance TABLE ror 11-1хсн R.M.L. Сох. (Revised 8,85.) 


Based on Practice of 17. 2. 75, 1. 9.75, 6. 6. 77, 81. 12. 78, and 2. 1. 79, 
and оп Calculation. 


Charge, 85 lbs, P. 
іы Ри studded or studlees shell, with Mark I., Mark IL, or automatic gas-check; weight, 


De үйө, 1360 f.s. 
ounting, iron, garrison. 
Jump, А, 


о но | 
š 4 Ж ЕЕ 858 ity рег Cent. of 
338 35 | Rounds should fal) 4 
= ig | within® Е Fuze Scale 
. 56. Seep Е | With 15secs. 
"A^ с 43. НІН P M.L. wood 
id 5 5 12843 2228 4 | 3] ш % timete 
Ë | = & FE os 25 ъ E! ° 
© š o SET css 5 8 | š B 
< z 8 = Ж АША m | 8 
і 
y ^ 9-4 lin yds. | : к. ns | yds. | yds. | feet | всея. | yds. (tenths 
4 2 
100 | 0 6 | о э | 369 615 | 1347 | 141 | 25 |0%4 02 | 0:2 250 | 1:0 
200 | 015 | 0 18 | 14 307 | 1234 | 13:9 | 25 | 0-09! 04) 0:44 | 235 | 15 
300 | 024 | 028 | 123 205 1321 | 13:8 | 25 | 0°13 | 06) 046 | 420| 2-0 
400| 033 | 038 90 151 1309 | 13:6 | 25 | 0°18 | 0'9| 099 | 49% | 2-5 
560 | 043 | 0 48 12 119 | 1297 | 185 | 25 |022| 11| 1:12 | 580 | 390 
&o| 053 | 059 58 97 |195| 13:3 | 25 |027| 13| 135 | 660| 39 
700 | 1 3 | 110 49 82 | 1273] 132 | 25 10:32 | 16| 15 | 2740 | 49 
код | 113 | 121 42 71 | 1262 | 13:0 | 25 | 0736 | 18| 183 | 520 | 4% 
900 | 123 | 122 37 62 | 1251 | 12:9 | 25 (041 24| 2°07 | 900, 59 
1000 | 133 | 143 33 56 |1240] 12:3 | 25 |046 2'3| 2°31 | 980 | 95 
1100 | 144 | 155 30 10 | 1229 | 12:7 | 25 |0М! 2'6| 255 | 1060 | 6%9 
1200 |154 | 2 7 27 45 |1218] 12:5 | 26 | 0-6 | 29| 280 110 | 6:5 
1300 | 2 5 | 219 25 41 | 1207 | 124 | 26 |061 | 3:1| 3:05 |120) 7% 
1400 | 215 | 231 23 38 | 1196] 12:3 | 26 |067!) 34| 3°30 | 1300 | 7% 
1500 | 226 | 244 21 зу | 1186 | 123 | 26 |072| 87| 3-55 [1380] 8-0 
1600 | 237 | 257 19 32 | 1176] 12-0 | 26 | 0°78 | 40 | 3-50 |1460| 85 
1700 | 248 | 310 18 30 | 1166 | 11-9 | 26 | 0'83 | 43| 4°06 | 1535 | 9-0 
1800 | 250 | 323 17 28 | 1156 | 1158 | 27 [0-89 | 47| 4°32 |1610 | 9% 
1900 | 310 | 3 37 16 26 | 1147 | 11-7 | 27 | 0'9 | 50| 4°58 [1680 | 1070 
2000 | 321 | 351 15 25 |1138| 116 | 27 |10 | 54| 4-84 [1956 | 10-5 
2100 | 332 | 4 5 14 2з | n29| 115 | 27 |14 | 591 5-10 | 1930 | 11-0 
2200 | 344 | 420 13 22 | 120] 114 | 27 (111 | 6'3| 5:36 | 1905 | 115 
2300 | 356 | 485 12 п |ппј из 27 |12 | 6°] 5:63 | 1980 | 120 
2400 | 4 8 | 450 12 20 | 102] 11:2 | 28 113 | 71| 5:00 |2055 | 125 
2500 | 420 | 5 5 11 19 | 1084 | па | 28 113 | 7%| 6-17 |2125 | 13-0 
2600 | 432 | 521 Hu 18 | 1056 110 | 28 | 1:4 | 80| 644 [2195 | 13-5 
2700 | 444 | 537 10 7 |108| 10:9 | 28 |15 | 84| 6-71 [2265 | 14-0 
2800 | 457 | 553 97| 16 | 1071] 109 | 29 115 | 89| 698 [2340 | 14*6 
2900 | 510 | 610 9:3 | 15 | 1064 | 108 | 29 116 | 9%] 7:26 |2410 | 159 
3000 | 523 | 627 8:9| 15 | 1057 | 10:7 | 9117 |10 ты [2485 | 1555 
3100 | 526 | 644 85 | 14 |1051 | 106 | 20 |17 |11 7:82 | 2535 | 16'0 
3200 | 549 | 7 1 81| 14 |1045| 105 | 30 |1 |n 8-10 |2630 | 16:5 
$300 | 6 2 | 719 7.8 | 13 |109| 10:5 | 31 |19 112 8:39 || 2700 | 17:0 
3400 | 615 | 737 75| 12 |1033 | 104 | 31 |29 | 13 8°68 [2770 | 1755 
3500 | 828 | 755 72| 12 |1027 | 103 | 22 |271 | 13 8'97 | 2840 | 1870 
2600 | 642 | 813 69| 12 11011 10:2 | 32 |22 |14 9-26 | 2910 | 18% 
3700 | 656 | 832 67| nn 1016 | 102 | 33 |2% | 15 9:56 | 2980 | 19-0 
3800 | 710 | 551 64 11 1011 | 1011 33 |24 |15 9*56 | 3050 | 19% 
3000 | 724 | 910 62| 10 | 1006| 10-1 | 34 (25 |16 |102 | 3120 | 200 
4000 | 738 | 929 60 | 10 | 1001 | 100 | 34 (26 |17 |102 |3190 | 20-5 
4100 | 752 | 949 58 10 996 | 99 10:3 [3260 | 21:0 
4200 | 8 7 |109 56 9 991) 959 11'1 [32330 | 21% 
4300 | 822 |1029 54 9 086) 98 11:4. [3400 | 22-0 
4400 | 837 | 10 50 5%2 9 981 | 9*8 11-7 | 2470 | 22'5 
4500 | 852 | 11 11 51 в 977 | 97 12-0 13540 | 23-0 
4600 | 9 7 | 11 32 4:9 8 972 | 97 12.3 | 3610 | 23% 
4700 | 922 | 11 53 4:8 8 967 | 9% 12 3680 | 24°0 
4800 | 938 | 12 14 4-6 8 963| 9% 13:0 | 2750 | 24:5 
4900 | 954 | 12 36 4% 7 958 | 9-5 13:3 | 3820 | 25:0 
5000 | 10 10 | 12 ^8 43 1 954| 95 13:6 | 3890 | 255 
5100 | 1026 | 13 20 42 1 949| 94 13:9 | 3960 | 26-0 
5200 | 1042 | 13 42 4-1 7 945 | 94 14-3 |1030 | 26-5 
5300 | 10 58 |14 5 4% 7 940 | 93 14.6 |4100 | 27°0 
5400 | 11 14 | 14 28 3:9 6 936 | 93 149 | 4170 | 2755 
5500 | 11 31 | 14 51 3-8 6 932 | 93 13 |4285 | 28-0 
5600 | 11 48 | 15 15 87 6 928 | 92 15:6 | 4305 | 28-5 
5700 | 12 5 | 15 39 3:6 6 923 | 92 15-9 | 4370 | 29% 
2800 | 12 22 | 16 3 3-5 6 919] 9-1 16:3 |40 | 29-5 
5900 | 12 16 28 34 6 915 | 91 166 |4505 | 30°0 
6000 | 12 56 | 16 53 3:3 5 911] 9% 16:9 


* The accuracy would probably be as good ая that of the 10-inch (R.M.L. with 70 1b. P, with 
е : the latest pattern projectiles. t . 
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Rance TABLE For 1l-mcu R.M.L. Gon. 
Based on Calculation. 


410 


Charge, 60 lbs. Р. Gravimetric density, 222, 


Projectile, Palliser or common shell (Mark II. -check) ; weight 547 Ibs. 
Muzzle velocity, 1115 £s. Jump, 1 yes айы 


Elevation. 


осооо 
#555 
ооо 


tO — — ын 
S880 


со бо to «319 
5.595 


ес vh d» i» 00 00 
£585 $8622 


а-о о о 
5585 


° 
~“ 


ср се oo =a =a 
Ес 


~ 
о 


~ 
oowoo 
"moo 

Soa 


— 
о 
же 
© 


Angle of Descent. 


–—њ о» 
25,5 


oe > 
м @ k. — 
25355 


$ Velocity. 


Бапде вһ 
within 


be known 


To hit an Object 10 feet 
high, ould 


Time of Flight. 


seconds. 


0:48 
0:76 
1:04 


Scale 
for 15 Seconds M.L. 
Wood Time Fuze. 

yards. tenths. 

240 1% 

220 1% 

390 2% 

456 2:5 

520 3-0 

585 25 

650 40 

720 4% 

190 ь% 

865 5:5 

940 6*0 
1010 6'5 
1080 10 
1155 1°5 
1220 8:0 
1290 8% 
1360 9% 
1430 9% 
1500 109 
157 10% 
1640 1% 
1710 1% 
1180 12.0 
1850 12:6 
1920 1370 
1990 18:5 
2080 14:0 
2130 1455 
2200 15:0 
2270 15:5 
2335 169 
2405 19:5 
2470 11:0 
2535 17:6 
2600 18:0 
2665 18:6 
2730 19-0 
2195 19% 
2860 20:0 
2925 20:5 
2990 21:0 
3050 21:5 
8120 220 
8185 22:5 
3250 23:0 
3315 23:5 
3375 24°0 
3440 24°5 
3500 25°0 
3565 26:5 
8625 260 
3690 26:5 
3750 2770 
3815 21:5 
3875 28-0 
3940 28-5 
4000 29-0 
4060 29-5 
4120 30:0 


233332538538858858858888888 85.2 | Ree 
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Range TABLE FOR 10-гхсн R.M.L. Gun. 


Based on Calculation and а Practice of 11, 4, 81. 


Charge, 70 lbs. P. Gravimetric density, 23-6. 
Projectile, Palliser shell with gas-check, Mark II., 410 lbs. 


Muzzle velocity, 1379 f.s, 


Jump, 5 minutes. 


on бо tO — 
Soro 


— 


© © «о со 00 00 ~ ~ ~ -1 © © Оз Q, сл obe s се ©з бе CO EO CO to tQ ®2 w O ОО ОО О 


ВЕР о Ноно вн 


— it 


| 


3 


To hit an o 


21 


©“ ©з @ @ с @ о =з ^3 «1 00 о 00 00 ООО 


ssssssESESSESEESSSSESESEEESEEESEESESSEESEEESE 
SSPSSZSSSSSSSSESEZSSISSSSRSSSSSSSSSSESSESESSSSSE 


- 
со со 00 00 00 00 00 00 00 00 00 GD GO 00 (D (D. ФФ 
. 


33332283 88 583 


С 


AAARAADSS 


fall within 


The accuracy may be taken as about equal to that of tho 9-inch B.M.L. gun with 60 Ibs. charge. 


Ë | Time of Flight. 


8 


28588% 


d» od» № to бо бо CO tŠ po 62 го эе ~ wa = © © o о 


~ 
8482288822858 


оос 
2553988 


25528882 


> 59 00090 00 0 =a —3 =a —a a е 
22222 


| 


Fuze Scale. 
Fifteen Second. 
Wood M.L, 
based on 
Practice of 
various dates, 
(Proof of Fuze:.) 
dys. dys. 
245 1:0 
330 1% 
415 2'0 
500 2% 

585 3:0 
670 3:5 
755 4% 
840 45 
920 5*0 
1005 5*5 
1085 6-0 
1170 6*5 
1250 7:0 
1335 7'5 
1415 8-0 
1500 8'5 
1580 #0 
1665 9-5 
1745 10*0 
1830 10,5 
1910 11:0 
1090 115 
2010 12:0 
2150 2'5 
2225 13*0 
2300 13% 
70 14:0 
2440 14h 
2510 15.0 
2580 15*5 
2650 16* 
2720 16:5 
2190 7-0 
2860 1755 
2935 18:0 
3005 18-5 
3075 19.0 
3150 19.5 
3220 20:0 
3290 20% 
8360 21-0 
3430 21:5 
3500 22:0 
3570 22°h 
3635 23 `0 
8705 21.5 
3110 24 0 
3840 24:52 
3905 250 
3970 25% 
4035 26 *0 
4105 25:5 
4170 21*0 
4235 21:5 
4300 2870 
4370 28:5 
4435 29 0 
4500 205 
4565 30:0 
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Range TABLE FOR 10-іксн R.M.L. Gun. 
Based on Calculation. 


Charge, 44 lbs. P. gravimetric density, Зи 

Projectile, common shell with gas-check Mark П.; weight, 410 Ib. 
Muzzle velocity, 1028 f.s. 

Jump, 3 minutes. 


— — — — — — — — — — — — 


То + ап 
object 
Faze Scale, 
Angle |Remaining| Slope 10 feet high, | Time Ч 
Range. | Elevation. | of Descent. | Velocity. |04 Descent.| Range must | of Flight. № 
be known т 
Ë within 
И] РРА А НИ (ee E 
yds, a o! fs. 11а уда. secs yds, | tenths. 
0 240 + 
100 0 13 о 16 1022 215 355 320 1-5 
200 0 29 0 32 1016 107 179 2-0 
800 0 45 0 49 1010 10 117 455 2% 
400 21 1 6 1004 52 87 520 3-0 
500 1 11 1 22 998 42 10 585 35 
600 13 1 39 993 35 53 650 4-0 
700 1 49 1 56 988 30 49 720 4% 
800 2 6 2 14 26 43 790 5:0 
900 2 23 2 92 978 23 38 855 5.5 
920 6-0 
1000 2 40 2 50 913 . 20 33 985 6% 
1100 2 8 3 8 18 30 1050 170 
1200 8 14 8 26 963 17 28 1115 75 
1300 3 31 3 45 958 15 ?5 1180 8% 
1400 8 48 4 4 953 14 23 1250 85 
1500 4 6 3 23 948 13 22 1315 90 
1600 4 24 4 42 943 12 20 1385 9-5 
1700 4 42 5 2 938 11 19 1450 10:0 
1800 5 0 5 22 933 11 18 1575 10% 
1900 5 18 5 42 928 10 17 5 1580 1% 
1645 115 
2000 5 8 6 72 923 9-5 16 6:22 1710 12°0 
2100 5 M 6 23 918 8:9 15 6°55 1775 12:5 
2200 61 6 44 913 8% 14 6:88 1840 13°0 
2300 6 31 1 5 908 8-0 13 122 1905 13.5 
2400 6 50 7 27 903 1:6 13 7:06 1970 140 
2500 тэ 7 49 898 1% 12 7°90 14:5 
2600 7 28 8 11 894 770 12 8°24 2100 15°0 
2700 741 8 34 890 6:7 11 8 2165 15'5 
2800 в 6 8 57 886 64 и 2225 169 
2900 8 25 9 20 882 6:1 10 2290 16:5 
2355 17:0 
5000 8 45 9 44 878 5-8 10 2420 11:5 
3100 9 5 lo 8 814 5-6 9 2480 18:0 
3200 9 25 10 82 870 5-4 9 2545 18% 
3300 9 45 10 57 866 52 9 2605 19:0 
3400 10 5 n 22 862 50 8 2670 19:6 
3500 10 25 п 47 858 48 8 1130 20 '0 
3600 10 46 12 13 854 4% 8 2195 20:5 
3700 a V 12 39 850 4% 1 2855 21:0 
3300 п 28 13 5 846 413 1 2920 21:6 
3900 1 49 13 33 842 41 7 2980 220 
4000 12 10 14 1 833 40 1 3040 22% 


Rance TABLE ror 9-іхсн R.M.L. Guy. (Revised 4/85.) 72 


Based on Practice of 15. 1. 79., 29. 5. 79., 1. 9. 81., 19, 5. 82., 4, 7. 82. “л 
Charge, 50 Ibs. P. š 
Projectile, with Mark II. gas-check. Weight 257 lbs. \ ал 


Mounting, iron, garrison. Jump, 9 minutes. 
Muzzle velocity, 1440 f.s. 


“ 
29 * -. 
22 ГЭ Fifty per Cent. of „ 4 
25 к Ë rounds should fall 
4 4 ҰЛЫ > ly within Fuze Scale. 
š Seg 2 £ 13 Secs. Wood 
255 5 
а 8 Е Ë ° Ë 
А 5 з 1325| 8 8 :| ч e 
% 2 = uz Е 2 Е v E 
$ | & (223 55) 8 Y] 
8 < а |= а |; = | 
$05], V Пека lin | yds. | fs yds. | feet. | yds, 
100 о 8 | 40 | 717 | 1821 0-04 | 0:2] 250 1:0 
200| 0 8 | 016 | 212 |353 | 1402 0-09 | 0:3] 340 15 q 
200 016 0 25 138 230 1384 0:13 0-5 430 20 - 
400 | 024 | 034 | 101 163 | 1366 0-18 | 06) 220 2% 
500 | 033 | 044 78 |130 | 1348 0:22 | 081 610 3:0 4 
600 | 042 | 054 64 [106 | 13231 0:27 | 1:0| 695 8% | 
по | 051 | 1 4 м 90 | 1314 0-32 | 14] 750 49 
800 | 10 | 114 46 77 | 1297 0-36 | 1:3] 865 45 4 
90] 19 | 124 4l 68 | 1280 | 10: 0411 15] оз 5*0 » 
1000 | 118 | 135 36 60 | 1264 | 9:9 0:46 | 17) 1030 5:5 ~ | 
100 | 128 | 146 32 ы | mis | 9:8 0.51 | 1:9] 1115 6-0 
1200 ] 38 157 29 49 1223 9% 0-6 2-1 1200 65 
1300 | 148 | 2 9 27 4 | 1218 | 95 0-61 | 2:3] 1280 170 
1400 | 158 | 222 24 40 | 1204 | 94 0-67 | 2-6] 1365 7% «~ 
1500 | 2 8 | 234 22 37 | | 9:2 0:72 | 2-9] 1445 8*0 “ | 
1600 | 219 | 247 21 34 | 1176 | 94 0:73 | 324 1530 85 4 
1700 | 230 | 3 1 19 32 |1162 | 9-0 0-83 | 35] :610 9-0 : 
1800 | 241 | 315 18 29 |1149 | 8 0:89 | 8:5| 1690 9:5 
1900 | 252 | 330 16 27 |1136 | 87 0-94 | 4:11 1770 | 109 
2000 | 3 3 | 345 15 25 | 1124 | 8% 1.0 4:5] 1850 105 л 
2100 | 314 | 4 1 14 24 | пи | 85 13 | 481 1925 | 1190 
2200| 326 | 411 13 2 |1099| 84 11 | 5-2] 2005 | 115 
2300 | 338 | 433 13 21 | 1088 | 3-3 1:2 | 5:6] 2080 | 12:0 
2400 | 350 | 450 12 20 | 1077 | 8:2 1:3 | GO] 2155 | 12% 3 
5500 | 4 2 | 5 1 11 19 | 1007 | 81 1-3 | 6-5] 22 13-0 
2600 | 414 | 574 11 18 | 1053 | 8'0 14 | 6-9] : 13:5 
2700 | 426 | 54 10 17 | 1049 | 80 15 | 7-4] 230 | 14:0 ж 
2800 | 438 | 5 59 9'6 | 16 | 1040 | 7:9 15 | 7-9] 2440 | 145 | 
2900 | ам | 617 91| 15 | 1032 | т 16 | 841 2510 | 15:0 à 
300| 5 4 | 635 87| 14 | 1024] 777 17 | 90] 2580 | 15% 
3100 | 517 | 654 8'3 | 14 | 1017 | 77 1:7 | 9.6] 2650 | 16:0 
3200 | 530 | 713 7'9 | 13 | 1010 | 7% 1'3 | 10 27: 165 | 
3300 | 544 | 7 32 7%5 | 13 | 1004] 7% 19 [и 2190 | 1150 “ 
3400 | 558 | 751 72| 12 | 997 | 7% 20111 2860 | 17% | 
3500 | 6 12 | 810 69| 12 | %9 | 74 23 |12 2930 | 18'0 
2600 | 626 | 829 67] и | 985| 74 2:2 | 13 3000 | 18:5 x 
3700 | 641 | 840 64| n | өз| 7-3 2:3 | 13 3070 | 19:0 B 
3300 | 656 | 9 9 62] 10 | 972] 73 24 |14 3140 | 195 ! 
3000 | 711 | 929 GO} 10 | 966 | 72 2% |15 3210 | 20-0 
4000 | 726 | 9 50 58| 10 | 960| 7:2 2:6 | 16 3280 | 205 1 
4100 | 7 4t. | 10 11 56| 9 | 94| 74 21:0 ч 
4200 | 756 | 10 33 54| 9 | us| 74 21:5 а 
4300 | 812 | 10 55 52| 9 | 92| 7-0 22-0 | 
4400 | 828 |1117 50| 8 | 936 | 79 22:5 
4901 844 | 11 40 48| 8 | 930] 6-9 23-0 | 
4600 | 9 0 |12 3 47| 8 | sa| 69 23:5 
4700 | 916 | 1227 45| 8 | 98| 6 24-0 
4500 | 933 | 12 51 44| 7 | 912] 64 24-5 
4900 | 9 50 | 13 16 42| 7 | 906 | 67 25-0 
5000 | 10 7 | 13 41 41| 7 | 90| 6-7 25°5 
5100 | 10 24 | 14 7 40| 7 | 895] 656 26-0 
5200 | 10 41 | 14 34 3:8| 6 | R90 26:5 
5300 | 10 59 | 15 1 87| 6 | #85 21:0 
5400 | 11 17 | 15 29 36| 6 | 890 21:5 
5500 | 11 35 | 15 58 35| 6 | 875 23-0 
5600 | 11 53 | 16 28 33| 6 | 870 23-5 
5700 | 12 11. | 16 20 33| 5 | 865 29-0 „= 
5800 | 12 29 | 17 31 82| 5 | 860 29:5 
5900 | 12 48 | 18 4 81| 5 | 855 2070 
6000 | 13 7 | 13 37 30| 5 | 850 


қ 414 


Rance TABLE FOR 9-ічсн R.M.L. Gon, 
Based on Practice 1. 9. 81 and on Calculation, 


Charge, 83 Ibs. P. 


Gravimetric density, 5-755 

Projectile, with Mark II. or automatic gas-check. 
Weight, 256 lbs. 

Jump, 9 minutes. 

Muzzle velocity, 1150 f.s. 

Mounting, iron, garrison. 


To hit an 


object 15 secs. Wood 
Angle of Форе of |10 feet high,| Remaining | Time о 
Range Descent. | Descent. Bange must Velocity. | Flight. Tue oa 
be Known Mark Ш. 


within 


yas. ө + — lin yds. 1. pecs. yds. | fuze. 
0 1160 
10 ° 4 0 13 264 440 1137 o2 | 240 | 19 
200 0 17 0 27 127 212 1125 oss | 251543 
200 0 30 оч ч 140 1113 o: | 465 | 25 
«| о о 55 2 104 на |1е| 5 | 2: 
500 0 67 1 9 50 83 1092 16 | 650 | 49 
| іп 1 2 а ө е? | 1 | mit 
700 1 25 1 29 5 58 1073 192 | 900 | 55 
s | 1 3 1 54 20 60 юм |3119 | :3 
900 1 53 2 10 26 “ 1085 тю | ns | то 
1000 27 2 26 24 39 1046 en | | 52 
1100 з 21 2 42 21 35 1037 3-09 | 130 | 85 
1200 | з 36 2 59 19 22 xs |a | 100 | 9% 
1300 2 61 3 16 18 29 1019 гө | 140 | 109 
5 С 
1400 зв з 33 16 27 1012 ээ | 9B | 9$ 
1500 3 21 3 60 15 25 1005 «m | 156 | из 
x 1 
1000 3 36 4 8 м 23 998 „че | 138 | 3 
1700 зы 4 26 13 21 991 440 | 1970 | 13-0 
1800 4 1 4“ 12 20 984 oat | 2905] из 
1900 4 23 5 3 n 19 911 өз | 2 | м5 
2000 4 39 5 22 п 18 970 5°вз | 251112 
2100 5 54 10 17 964 өм | 2395 | 160 
3 à % 
2200 5n в 95 16 958 oe | BS | 6% 
2300 5 28 6 21 9-0 15 952 6-76 | 2610 | 175 
2400 6 45 6 42 8% м 946 10155122 
2500 6 2 т з 81 13 940 т | 220 | 190 
TE # 5 
2600 6 19 та 14 13 934 "wi, 
2100 6 36 7 46 1% 12 928 8-03 | 3030 | 20-5 
2800 6 54 8 8 79 13 922 в [25122 
2900 7 12 8 31 6-1 п 916 848 | 325 | 22:0 
3000 7% 8 ы 64 n 911 sor | = | 25 
3100 7 48 9 17 61 10 905 әм | мш | 235 
3200 8 6 9 4 59 10 900 oer | Se | Ss 
3300 8 % 10 5 5-6 9 вм |9 | зею | 259 
е, » 25 
3400 8 4 10 29 54 9 eo | 10-30 | 2705 | 255 
3500 9 2 юм 52 9 84 | 10-70 2655 
3600 9 21 п 19 5:0 8 es |4 | 328 | 23 
3700 9 40 na 4% 8 s | 11-30 | 4030 | 280 
3900 | 10 0 12 10 4% 8 өз | што | #55 | 288 
3900 | 10 20 12 36 45 1 868 |і9 | 4235 | 295 
4000 | 10 40 13 2 43 7 858 |і: | 4200 | 2090 


415 
Rance TABLE FOR 8-INCH R.M.L. Gun. 


Based on Practice of 1. 11. 70. 
Charge, 35 lb. P. Muzzle velocity, 1384 f.s. 
Projectile, weight 180 lbs. Mounting, wood, garrison. 
Gravimetric density, 54 (about).* Jump, 5 minutes. 


#8 
Я 
28 b 
34 $ 54 š Fuze Scale. 
j % Ë P š 15 весопда 
58 : > | Wood Time 
К з {oak 418 + | „и. 
аза З š 
ë 114 Ё 
£a = 
yards. | ° ’ о, | 1щ | yards. | f.s. | ins. ards.| raras. feet. | secs. [yards. сепія 
0 1384 97 240 1%9 
100 | 0 4 | о 9 | 382 636 | 1362 | 95 0-22 | 325 | 15 
200 | 013 | 018 | 191 318 | 1342 | 9-3 0:44 | 410 | 20 
20 | 022 | 028 | 123 | 205 | 1321 | 92 0-67 | 495 | 2-5 
400 | 031 | 038 | 9 151 | 1300 | 950 |. 0-90 | 550 | 3-0 
мо | 040 | 049 | то | ит | 120 | зэ š 1м 152 3% 
600 | 049 | 05 | 58 94 | 1261 | 8-7 а 199| 80| 46 
то | 059 | 1 9 | 50 83 | 1242 | 8-6 = 1441 38 | 25 
во | 19 | 120 | 43 72 | 1224 | 8-5 ч 1481 es | 25 
900 | 120 | 133 | 37 62 | 1207 | 8-3 BÉ 2-14 | 1030 | 6% 
1000 | 130 | 144 | 33 55 | 1191 | 82 2:39 | 1105 | 6-5 
no | 141 | 187 | 2 49 | 1175 | 81 38 2-64 | 1180 | 7-0 
1200 | 152 | 210 | 26 44 | 1160 | 79 я 2:90 | 1255 | 7% 
13900 | 3 3 | 223 | 24 40 | 1146 | 7-8 ñ 3'16 | 1330 | 8-0 
1400 | 2 14 | 237 22 36 | 1132) 77 PE 343 | 1405 | в5 
1500 | 226 | 251 | 20 зз | 118 | 7'6 EI 81011133 
160 | 237 | 3 5 | 19 31 |1106 | 7% at зе 3:97 | 1630 |109 
1100 | 249 | 320 | 17 29 | 1093 | 74 8 8 474 | 1705 | 10-5 
180 | з 1 | 336 | 16 27 | 1081 | 15 8 жа, лю 
1900 | 314 | 352 | 15 25 | 1070 | 72 82 4°79 | 1555 | 16 
— 
2000 | 327 | 4 8 14 23 | 1059 | 111 17 5°07 | 1930 | 12-0 
2100 | 340 | 425 | 13 22 | 1049 | 79 33: 5.36 | 2005 | 12-5 
2200 | зы | 442 | 12 | 20 |105 | 69 3% || 5-65 | 2080 | 13-0 
2300 | 4 8 | 50 | n 19 | 1029 | 69 Bq 5:94 | 2155 | 13-5 
2400 | 422 | 518 | 11 18 | 1020] 6-8 88 6:24 | 2225 | 14-0 
2500 | 436 | 527 | 10 м |101 | 67 А 6-4 | 2200 | 145 
2000 | 450 | 55 9-6 16 | 1002 | 6-7 * 51491162 
2700 | 5 5 | 616 9-1 15 | 993 | 6-6 ЕЕ 7:16 а 
2800 | 520 | 636 8% 14 | 985 | 6-5 e Б 7°47 | 2575 | 16-5 
290 | 535 | 657 82] 14 | 97| 68 a яз 779 | 60 | 110 
3000 | 5% | 719 78| | 969| 64 SEF 8°10 | 2705 | 17-5 
3100 | в & | 741 14 12 | 962| 6-3 == 8'42 | 2770 | 18-0 
3200 | 621 | 8 4 7-1 12 | 955 | 6-3 ыг 8°74 | 2835 | 18-5 
3300 | 637 | 827 6-1 п | 948 | 6-2 53 9:06 | 2900 | 19-0 
3400 | 653 | 851 6-4 и | 94| 62 ЗЕ 9-38 | 2965 | 19-5 
3500 | 7 9 | 915 6-1 10 | 923 | 61 Ёз 9:70 > 2 
3600 | 725 | 940 59| 10 | 26| 69 ха 104 126 1505 
3100 | 141 110 5 5:6 9 | 919 | 60 at 10°4 | 3235 | 21.5 
3900 | 758 |1030 54 9 | 912] 69 4 T 10-7 | 300 | 220 
3900 | 815 |105 62 9 | 905 | 59 $ 5% п | 3365 | 25-5 
4000 | 832 | 11 22 5:0 8 | 898 | 58 8 Г 14 | 3430 | 23-0 
4100 | 849 | 11 48 48 8 | 892 | 58 5 35 1:7 | 3495 | 23-5 
4200 | 9 6 | 1215 4% 8 | 886 | 5-7 а Ë Ë 12-0 | 3560 | 24-0 
4300 | 924 | 12 42 44 7 | 880 | 57 $ 53 12:4 | 3625 | 24-5 
400 | 942 |13 9 43 7 | 814 | 5'6 “= 12-7 | 3690 | 25-0 
400 110 0 [1831 | 41| 7 | 968 | 5-6 š s> ноч 
4600 | 10 18 |14 5 4% 7 | 82 | 55 = БВ UE 28189 
4700 |1036 | 14 33 39 6 | 856 | 5% 8 5 13-1 | а |20 
4800 |1055 |15 2 37 6 | 8 | 55 a 1:9 1400 | 8: 
4900 | 11 14 | 1531 3% 6 | 84| 5-4 3 ич 151563 
6000 | 1133 |16 0 35 в | 839 | 5-4 š 2% M7 | 4135 | 28-5 
5100 11 52 16 30 8% 6 834 5:3 2 15-1 4195 | 29-0 
5200 | 1212 117 0 33 5 | 828 | 53 = 154 | 4255 | 29-5 
6300 | 12 32 | 17 31 3:2 6 | 823 | 52 > 15*8 |4310 | 300 
5400 |1252 118 2 3-1 5 | 817| 52 16:2 
5500 |1312 | 18 33 3-0 5 | 812 | 52 16:5 


* To obtain this density of loading, the base of shell when home should be 20:2 inches from the 
bottom of the bore. 


416 


Rance TABLE FOR 8-тсн R.M.L. бом. 
Based on Practice of 11. 11. 85. 


Charge, 21 lbs. P. 

Projectile, common, weight 180 Ib. 
Muzzle velocity, 1040 f.s. 
Carriage, W.I., naval. 

Jump, 6 minutes. 


5 minutes 


5 minutes’ | will alter 
Angle of |Remaini — ки “4 Time of 
ngle ng ases от mpact me — 
Range. | Elevation.| Descent. Velocity. | decreases тешу Flight. 15 seconds 
the Range | or laterally Wood Time, 


by at cach 


9 7 yards, tenths. 
0 220 1:0 
100 | 09 305 15 
200 | 024 385 2-0 
300 | '039 455 2-5 
400 | ом 525 3-0 
50 | 110 998 30 0-72 1°48 595 35 
600 | 1% 990 30 0:87 1.78 665 49 
70 | 142 982 30 1:01 2-08 735 45 
800 | 158 974 30 1°16 9:38 805 5-0 
900 | 215 967 29 1°31 2°69 875 55 
1000 | 232 960 29 1.45 3:0 940 6-0 
1100 | 249 953 29 1:60 3:32 1010 65 
1200 | 36 946 28 1°74 3-64 1075 70 
1300 | 3 24 939 28 1:89 3-06 n | -75 
1400 | 342 932 28 2-03 428 1210 8-0 
150 | 4 0 925 28 2:18 4°61 1280 8:5 
1600 | 418 918 28 2-32 404 1345 9-0 
1700 | 486 911 21 2:47 5:27 1415 9:5 
1800 | 455 904 27 2-61 5% 1480 10-0 
1900 | 5 4 897 27 2-16 5:93 1550 10-5 
2000 | 533 891 26 2:91 6-26 1615 11:0 
2100 | 553 885 26 3-05 6-6 1685 11% 
2200 | 613 879 26 3-20 6:94 1750 12% 
2300 | 633 873 25 3-34 7:29 1820 12:5 
240 | 653 867 25 340 1:64 1885 139 
2500 | 714 861 25 3-63 7:99 1955 13-5 
2600 | 735 855 24 3:78 8°34 2020 14-0 
2100 | 156 849 24 3-92 8-69 2085 14-5 
2800 | 817 843 24 4°07 9-04 2150 15:0 
2900 | 838 837 23 421 9°39 2215 15% 
$00 ! 9 0 831 23 4:36 9:75 2280 16-0 
8100 | 922 825 23 ғы 10°11 2350 16:5 
3:00 | 944 820 22 4°65 10-47 2415 179 
3300 | 10 6 815 22 4°80 10-84 2480 11% 
3100 | 1023 22 11:21 2545 18:0 
3500 | 1050 2610 18-5 
3600 | 1112 2615 19:0 
3700 | 1135 2740 19:5 
3300 | 1158 2800 20-0 
3900 | 1221 2860 20-5 
4000 | 12 44 2920 21:0 
| 


417 


Range TABLE ғов 7-гхсн R.M.L. Gun of 7 rows. 


Based on Calculation, 


Charge, 30 lbs. P. 

Gravimetric density, = (about). 
Projectile, Palliser, weight, 115 lbs, 
Carriage, iron, garrison. 

Jump, 10 minutes. 

Muzzle velocity, 1561 f.s. 


š => 
= 
Е | ЕЕ 
Бе | 84 50 per Cent. of rounds 
wes £ should full within 
` £ | n° 
Бо | 82145 Fuze Scale. 
~ == 5 — 
8 3 1) 894159 В | — | < ]|155seconds M.L. 
$ 2 За | 259 = Wood Time. 
š а ы 2S | er у 4 4 = 
5 © а 5 41:85 | 3 3 5 - 
e | || 2 13831382121 в 2 5 
3 = | Е 8 |Ез|88;!| 3 E д Е 
ы < | 5 = = Ë 
yds. Ns @ | fs. |улгав, yards. | yards, yards. | feet. | seconds, уи, жари; 
0 "0 
100 0 7 1531 44 0:1 0:8 0:20 350 1*5 
200 | 0 2 | 015] 1503| ба | 078 | # 0-2 06 | 040 440 2:0 
200 о 9 оза 1476 ба 0743 44 0:3 1:0 0-60 530 2% 
400 015 031 1445 63 0-55 43 04 l3 0:80 620 3:0 
710 3'5 
мо | 023 | 029 | 1421) 0° | 072 | 45 | оз | re | ro | 80 24 
60 | 030 | O48) тло | 62 | 07 | 44 0-6 2:0 | 123 980 54 
700 0 38 05; 1304 61 1:01 43 07 274 1°85 1075 5:5 
#00 9 46 16 1344 60 1:16 43 0 27 1:67 1160 6-0 
900 0 54 115 1320 | 60 1°31 0-р 81 1:89 1945 6% 
1325 70 
1000 12 12 1296 ^9 145 43 1:0 3:5 2*12 1405 7-5 
1100 110 134 1274 | ~ 1°60 43 1:1 29 2°35 1480 8.0 
1200 119 1 44 1252 57 1:74 42 L% 1-4 2:98 1555 B5 
1300 1 23 156 1231 м 1-89 2 1:2 49 2*B1 1630 90 
1100 187 28 1211 55 203 43 1-4 510 3-09 1705 9-5 
1180 100 
1500 | 146 | 220 14 | «в [aus | 395 | 33 
1000 | 155 | 232 17 6 | 3°61 1995 | 11-5 
1700 | 2 5 | 245 1-3 Tt | 357 | 2080 | 190 
isoo | 215 | 2 58 1-9 13 | 40] 255 | 15 
, 33 3 d 2l 24 
1900 2 25 4 12 24 нз any 2230 13:9 
2305 1375 
2000 3 26 2-2 9:0 4°75 2315 14:0 
2100 3 40 24 94 4:92 2445 1475 
2200 3 55 24 100 M?9 2515 15:0 
2300 4 10 2 110 | 550 | 2555 | 1555 
2400 42 27 12-0 | 554 | 2655 | 16:0 
2725 16°5 
2500 4 1270 6:12 2795 17:0 
2600 5 1470 8740 2565 M5 
2700 3 57 5 1570 6:63 2935 1410 
2800 410 ћ 16-0 6°97 8005 18%5 
2900 4 23 Mo "20 7. 
2000 4 36 
8100 | 45) 
3200 5.4 
8300 418 
3400 5 33 
8500 | 548 
2600 6 4 
3700 6 23 
8800 6 26 
3900 6 52 
4000 1 8 
4100 7 25 


Digitized by oogle 


418 


Rance TABLE ron 7-1хсп R.M.L. GUN оғ 6} TONA. 
Based on Practice of 17 and 18. 11. 70. 


Колена ас А 115 Ibe, on Ч, БЭЛ * 
м Mounting, fron, garrison. 
uzzle velocity, 1525 f.s. Jump, 10 minntes. 
= 8 | 50 рет Сет. 
“3 32 У of Rounds should 
4 5% = |Е fall within 
8 4 (Ёл аш А 
š 5 zuz| 5 | 2 Fuze Seale, 
ees) = |g ч 15 Secs, M.L. 
: a Á [28 = | 8 | [D - Wood Time, 
, 8 з * за ||| 
| @ $ = (2921 3 |Р 8/3/18! 8 
F] < ~ г2=| = |2-1 Е Е 5 Ë 
ё Ë š 2 = я |= 4 55 я 
уда | + * © + lin | уда. | fa. | ina. | уда. | уб п. «ез. уде. | моб. 
0 1925 | get | 43 240 1% 
100 0 7 490 81811486 | 90) 44 01| 03| 0:20 мо 13 
709 0 4 0 15 228 262 | 1469 | Bs | 43 0%! 0%! 040 $30 20 
ко 01% 0% 150 250 | 1440 | 97 | 43 0:5 | 10| 04 620 26 
«о | 020 | 03: | 107 |179 | 24913 | н | 43 | 04) raj osa 610 2% 
wo | 028 | on | & [що [i| 8-8 | e | 05] 10| 10 | те | 43 
60 | 036 | 000 өз H5 |іж| 8:2| 48 | 08| 20] 17 865 4% 
700 | 045 | 1 0 M 95 | 1337 | в'о| 43 | 07] 24| 1:50 м5 54 
вод | O68 | 110 49 82 |130 | 78| 43 | 03| 27] 114 1 јољ 8-5 
200 1 2 са 4: 71 1% 17 43 ow au 1:98 1119 6% 
1000 1111 1 32 a 62 | 1264) 1%] 43 | 19| ah) 27 1190 65 
1100 | 120 1 43 33 56 | 1246 | G4] 43 | 11| 3%) 247 | 1203 7% 
12 1% 1 55 30 50 | 124] 72| 43 12] 44| 2°72 1345 7% 
1300 1 39 27 2 45 | 1203 | 71| 43 lal on] 277 1420 "0 
1400 140 2% 25 4 |18! «9| 43 140 | 56| 3:23 нч Lh] 
me | 120 | 223 | 22 | az || e| a | rol 60| 349 | 1570 | 9% 
1660 2 10 2 46 2 34 1144 | Gel 4 17] GO} 3773 1770 10% 
1700 | 221 о 19 2011121| ба| 44 | 198 | 71 | 401 1795 | 10% 
100 | 232 | 314 14 830 | пи | 6-3 | 4 V9| 7'7| 428 | ases | wo 
1200 24 з 29 16 27 (10041 02!) 4 141 Sa] 4:58 1945 nd 
2000 | 205 | 345 15 28 | 1050 | бр | 45 | v2] 90! 442 | 9020 | 129 
210) 37 42 14 24 110601 GO] 45 23| 91| 6°10 20% nes 
2200 3 19 ШЇ] 13 ?2 | 108 | | 46 24110 38 2160 130 
7300 | 331 | 4: 12 21 | 1042 | ao] 46 | 9% һө? | 2230 | 13% 
249 | ача | 415 ly т | 1081 pa] 47 | 17117 55% ^ D 
2500 3 560 һи 11 18 110201 571! 47 чэн | 13 без 23 1870 
2600 | 49 | Ым 19 17 | 1009 | SG) 45 2 | 14 6:55 | оло моћ 
2700 422 h 53 КТ! 16 poo | бб | d^ 3'1 15 ба 2480 16а 
2800 4 34 614 9-2 | 15 oO] 5| 49 32 | 16 1716 2050 16% 
2000 449 6 35 тј M ml] 54| 49 сан! ти 2720 уто 
3000 | 53 | ви во | ts 721 | 5 35 | 18 т-та | 2790 | 11% 
3100 | 517 | 719 78 | 13 | 963) 54 Bog | 2860 | м9 
3200 | 532 | 742 74] 12 | ом | 49 ва | 2080 | 187^ 
3200 | 541 | 80 70] m | о | n2 ет? | 4000 | 199 
2400 | 6 2 | 828 67| n | рат | 52 904 эн 54 
3500 | 611 8 52 бз! 95 | 11 9°36 | 3206 | ж 
3000 | 632 | 916 61 | 10 mt | opel D's | 270 2 
meo | 848 | 941 090110 | о | 54 10% 3335 | 13 
3500 74 (10 б h^ü 9 000 | 550 1033 3400 | 9:9 
290 720 |1032 4 э моч | 970 107 3465 11 
4000 | 7% | 10 59 ar} 9 | ко | 49 ТЕ! 3520 | 23:0 
4100 | 753 1117 49| н | ња | 49 из 3595 | 23% 
4200 | 810 | 11 7 47| B | sre] чн 1177 3660 | 24-0 
4300 | ноя | 1223 46] “| ыз! 458 11-0 3725 | 94 
4400 | 846 |1152 44] 7 | вм | 48 124 | 370 | 20:0 
4 e 8855 ws 
400 | 9 4 | 13-22 421 7 | «| 47 127 2920 | 204 
400 | 923 | 13 53 dwf т | ви | 37 | 11 3955 | 90% 
450 | 942 | I4 4 39| 6 | њи | 4'6 134 4050 | 270 
4300 (10 1 14 56 87 ü Wu] 46 13*8 4115 #2 
4900 | 10 21 Ib 29 8% 9 Бум | 4% 143 4180 21-0 
000 |1041 116 2 35| 6 | кл | аз TES $245 | 285 
5100 |иа | 16 35 34| 6 | №5 | 45 ns | 420 | 29 
5200 | 1123 | 17 8 3:2 5 оя | 44 1573 4375 3 
5300 |1145 |114 31| 5 | во | 44 157 | 4430 ь 
5400 |12 7 | 18 16 30| 5 | 790] 43 16:0 
0500 |1229 | 18 50 29| 5 | 790| 43 16-4 


5 To obtain this density of charge, the base of shell when home should be 22 5 inches from - 


the bottom of the bore, 
Digitized by G OC 


r — 
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Rance TABLE FoR 7-1ncH R.M.L. бик or 90 сут. 
Based on Practice of 5. 6. 84, 9. 9. 84, 22. 10. 84. 


Charge, 22 Ib. P. 28*0 
Projectile, weight 116 Ib, “Gravimetric density, 222, 
Mounting, Naval slide with 
hydraulic buffer, счеты уота и 
У lege Fuze Scale. 
£ = E 2% 5 7 — 
8 2 54 5 15 seconda 
8 ; cu ЕЕ + Wood Time 
á м», 58 r3. E Ризе. 
~ Яя“ = ы єз Bae 
4 : ЕЗ ЕЗ š 25.8 5 5 
% 3 Ее ЕЕ ЕЕЯ ° & P 
||| 41113 
ñ Ë š 8 = и |858? 8 = 
а > = Їл, inches. lin yards, | seconds, | yards, | tenths, 
1325 79 
100 09 1302 77 382 643 0:24 240 1*0 
?00 0 5 019 127 176 181 302 0'49 320 1:5 
300 0 15 0 29 257 14 119 199 0:74 400 270 
400 02 040 1236 73 кб 143 0:99 470 2% 
мо 0 36 051 1215 7-1 67 112 1:24 мо 3'0 
600 047! 13 1195 720 № 91 1:49 610 3% 
700 0 55 115 1175 6:4 46 76 1:15 630 420 
800 19 | 128 1156 6-7 an 65 2-01 750 4% 
900 121 | 141 1138 6% ЕП 57 2 520 5:0 
1000 1 33 1 55 1121 6:2 30 50 2:55 890 5'5 
1100 145 | 2 5 1103 64 2 44 2:82 960 6:0 
1200 157 224 1087 63 24 10 8:10 1035 6% 
1300 210 2 29 1072 5? 22 36 8:28 1105 7:0 
1400 2 23 1 55 1058 6-і 20 33 3°66 1180 775 
1500 2 36 811 1047 5:0 19 30 3-95 1250 8-0 
1600 249 a2 1036 5:9 16 28 4724 1320 8*5 
1700 аз 34+ 1025 5:8 15 26 4°53 1390 9-0 
1800 3 16 4% 1015 5:8 14 24 4:33 1460 9:5 
1%0 3 30 42 1005 57 13 22 5'13 1530 100 
2 8 44 409 996 5:6 12 2 5243 1600 10% 
2100 5 hs 4 53 997 6'6 11 19 5'13 1670 1% 
2200 412 ^ 18 978 5-5 11 14 6:04 1740 1155 
2300 4 26 5 969 54 10 17 6:35 1505 12-0 
2400 442 5 59 960 54 9*6 16 6-66 1575 12% 
2500 4 57 6 20 өм 5-3 9:0 15 6:97 1940 13 
2600 512 641 943 5:3 876 14 7:28 2005 135 
2700 5 28 1 3 935 5%? LE 14 7-62 2070 140 
2800 54 1 1: 27 $7 ТЭ 13 7:92 2135 145 . 
2900 6 0 147 919 hl 7+ 12 824 2200 1550 
2000 6 16 810 912 fel 70 2 876 2265 15-5 
3100 6 33 8 33 904 5-0 67 11 во 2330 160 
8200 6 50 B 57 коб 5-0 6 *4 11 9-2 7395 16% 
8300 "4 8 21 ква 49 6:1 10 9:55 2455 17 
3400 724 9 45 881 4:9 ho 10 9-88 2520 17.5 
3500 741 10 10 874 48 | 5-6 9 10:22 2580 1870 
3600 759 10 35 #66 48 | 5*3 9 10:56 2640 18% 
3700 817 H 1 859 47 НЫ! 9 10:90 2700 19:0 
3800 8 35 11 27 852 47 479 н 112 2760 19.5 
3900 8 53 из 845 4% 47 н 1156 2520 2070 
4000 911 | 12 22 R39 456 4^6 н 11:95 2880 20% 
4100 9 30 12 51 2 4 44 7 12 -4 2940 210 
4200 9 49 13 20 #20 4 *5 4-2 7 12°65 3000 21-5 
4300 10 в | 13 50 819 44 41 7 13-0 3060 2210 
4400 10 27 |1421 813 44 3*9 7 134 3115 2375 
4500 10 46 14 52 506 43 3-8 6 137 3175 23% 
4600 п 6 15 24 500 4:3 3:6 6 1411 2235 23:5 
4700 n 26 15 56 794 4'3 3-5 6 14.5 3290 2430 
4800 11 46 16 28 188 42 34 6 14-8 3345 24°5 
4900 12 6 17 1 152 442 3*1 6 15 2 3400 250 
5000 12 27 17 34 776 451 32 5 15'6 3455 25% 
5100 12 44 19 7 770 41 3-1 5 160 8510 26% 
5200 13 9 18 41 764 41 3-0 5 164 3565 265 
5300 la 20 19 15 759 450 29 ћ 16'8 36:0 27:0 
£400 13 52 19 49 753 40 2:8 5 172 3675 27-5 
5500 1414 202 141 8% 24 4 M6 3730 24-0 
There is not sufficient data for а precise estimate of the accuracy of this gun; = 5% 
it is, however, very indifferent, as the following Ogures will show :— 3890 29% 
50 per cent. of rounds should fall within— 3940 30-0 
Length. Breadth. Height. 
4 Yards. табы. Yards. Feet. 
pproximate ( 1000 2 6 
accuracy at | 2000 65 5 16 


x Wawan — — < ~ base of the shell when home should be 16] inches from 


bottom of the bore. 


(с.о.) жигд Google 
C 
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RANGE TABLE ғов 7-інсн R.M.L. GUN or 90 CWT., ов 64 TONS. 
Based on Practice, 5. 6. 84., 9. 9. 84., 22. 10. 84. 


Charge, 171b. Р. Gravimetric density, 2890 , | Mounting, naval slide with hydraulic buffer. 


—% Muzzle velocity, 1175 f.s. 
Projectile, weight 115 Ibe. Jump, 12 minutes. 


i 1 163 
3 5444 
Fue 
» % 
= % 3 Ч % 
11413 i = | 
a ё 

T 8... ый. f.s. lin уда. secs. 
100 02 0 14 1156 248 410 0:26 
200 0 14 027 1138 127 212 0°53 
300 0 26 0 40 1120 86 163 0:80 
400 0 39 0 53 1103 65 108 1°07 
500 0 52 17 1087 51 86 1°35 
600 15 121 1072 42 71 1°63 
700 118 1 36 1059 36 60 1:91 
800 1 32 151 1047 81 52 2°20 
900 14 27 1036 27 45 2°49 
1000 20 223 1025 2А 40 2:78 
1100 2 14 2 40 1015 21 36 3-08 
1200 2 29 2 57 1005 19 32 3°38 
1300 24 81 996 18 29 3-68 
1400 зо 3 33 987 16 27 3-98 
1500 3 15 3 52 978 15 2 4°29 
1600 331 412 969 14 23 4°60 
1700 341 433 960 13 21 491 
1900 4 3 454 951 12 19 5-23 
1900 420 5 16 943 п 18 5°55 
2000 437 5 38 935 10 17 5-87 
2100 4 54 61 927 9'5 16 6'19 
2200 5 12 6 24 919 8:9 15 6:51 
2300 5 20 6 48 912 84 14 6:84 
2400 5 48 112 904 1:9 13 7°17 
2500 6 7 7 37 896 1:5 12 7'50 
2600 6 26 8 2 889 71 12 TH 
2700 6 45 8 27 881 67 11 8:18 
2900 74 8 53 874 64 11 8:53 
2900 124 9 19 866 61 10 8:88 
3000 744 9 45 859 5.8 10 9-23 
3100 8 4 10 12 852 5:6 9 9:58 
2200 824 10 39 845 5'3 9 9°94 
3300 8 45 п 7 839 5-1 8 10:30 
3400 9 6 11 35 832 49 8 10°66 
3500 9 27 12 4 826 47 8 11:03 
3600 9 48 12 83 819 45 7 11% 
3700 10 10 13 3 813 4°3 7 11°8 
3800 10 32 13 33 806 41 1 121 
2900 10 64 14 4 800 4:0 7 124 
4000 11 16 14 35 194 3.8 6 12:8 


* To obtain this gravimetric 4спану, the base of the shell when home should be 13} inches from 
the bottom of the bore. v " 
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RANGE TABLE FOR 7-1ncH R.M.L. Сом оғ 90 сут. 
Double shell. 


. Charge, 22 Ib. P. 
Projectile, double shell, weight 160 lbs. 


. Fuze Scale for 15 
Elevation. | Seconds M.L. Wood 
Time Fuse. 


Fuze 


100 0 2 1:0 

200 0 15 1:6 

300 0 28 2-0 

400 0 41 25 

500 0 54 3-0 

600 18 8-5 

700 1 22 4-0 

800 1 86 4-5 

900 1 50 5-0 

1000 2 5 5-5 
1100 2 20 6-0 
1200 2 35 6-5 
1300 2 50 7-0 
1400 8 5 75 
1500 3 20 8-0 
1590 8:5 

1355 | 9:0 

1495 9-5 

1490 10-0 


This Range Table is based on ranges obtained with shell which were fuirly steady, 
Practice has shown that about half the rounds fired with this charge und projectile 
are likely to be very unsteady. These unsteady shells may be expected to fall from 
100 to 800 yards short of the steady shell. 


2x2 
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Rance TABLE ғов 7-іксн R.M.L. Сом, 
Based on Practice of 3. 11. 85. 


M.V., 1047 f.s. 


Charge, 17 1b. 8. P., gravimetric density, 20. 


Projectile, double shell, weight 160 lbs. 
Mounting, W. I., dwarf, traversing. 
Jump, 18 minutes. 


5 minutes 
5 minutes’ 
elevation | Will alter 
Remai increases 


pant ot 
t. | Velocity. | аот ооа — 
ма тшш 4. each 4 


2% 
2:5 
8:0 
8-5 
4-0 
4-5 
5:0 
5-5 
6% 
6:5 
7:0 
7:5 
8:0 
8-5 
9-0 
9-5 
0:0 
0:5 
1:0 
1:5 
9:0 
2:5 
8:0 
3:5 
4-0 
4:5 
5:0 


ке кі ний к рані pd үзі үзі рай үнд үе 
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Rance TABLE РОК 80-рв. R.M.L. бох. 
Based on Practice оп 8. 10. 84, and 15. 10. 84. 


Mounting, wood garrison sliding carriage оп dwarf traversing platform, 
Calibre of gun, 678 inches, ~ > 
Jump, 5 minutes. * 


Charge, 20 lb. P. Gravimetric density, гоз • 


Projectile, studded common, or shrapnel shell, without gas-check ; weight, 801b. 
Muzzle velocity, 1558 f.s. 


Angle of | Remaining 
Range. | Elevation. poe e Velocity. | increases or 


vertically ог 
the Range by| laterally at 
each Range 


0 

100 

200 0 10 0 16 1487 62.2 0-29 0:40 240 

200 0 18 0 29 1454 504 0:43 0*61 820 

400 0 27 0 42 1423 5777 0-58 0-82 400 

500 0 26 0 56 1392 55:1 0:72 1:04 480 

600 0 +45 I 10 1362 52:6 0:87 1:26 500 

700 0 55 1 24 1333 м? 1-01 1:49 640 

800 1 5 1 39 1305 4179 1:16 1:72 720 

000 1 15 ім 1274 4597 1-31 1°95 800 
1000 1 25 2 10 1256 43% 1°45 2:18 880 
1100 1 35 2 25 1234 4156 1°60 2°42 960 
1200 1 45 2 40 1212 397 1:74 2:76 1040 
1300 1 55 255 1192 884 1:89 3:01 1120 6:5 
1400 2 5 3 10 1170 375 2:04 3:26 1200 7:0 
1500 2 15 8 25 1159 36'8 2:18 3:51 1290 7:5 
1600 2 26 3 41 1129 361 2:32 8:77 1360 8-0 
1700 2 37 ü 57 1109 85 -4 2:47 4:03 1440 3.5 
1500 2 48 4 13 1089 345 2-61 4:30 1520 9-0 
1900 зо 4 30 1069 “z 2'76 4°68 1600 9*5 
2000 3 12 4 41 1049 33 *6 2-91 4°77 1680 10°0 
2100 3 74 5 5 1031 82:0 3:05 5°06 1755 10:5 
2200 3 36 5 24 1015 324 8-20 5:36 1830 1170 
2300 3 48 5 4 1001 31 "8 3:34 5:67 1905 11-5 
2400 4 0 6 4 949 81-2 2:49 5:99 1980 12*0 
2500 4 13 в 25 75 30 6 3-68 6:21 © 12:5 
2600 4 26 6 46 968 30*1 3-78 6:64 2140 13-0 
2700 4 39 т Ж 959 29:6 8-92 6'97 2215 13:5 
2500 4 52 7 91 950 29-1 4:07 7:31 2290 и 
2900 5 5 7 M 541 23-6 4-21 7°65 2365 14% 
3000 5 15 817 932 28:21 4-36 7:97 2440 15'0 
3100 5 82 8 40 923 21% 4:51 8:29 2515 1575 
3200 5 46 9 3 914 214 4°65 8:61 2590 16'0 
3300 6 0 9 26 905 26:6 4'80 8°93 2660 16% 
3400 6 14 9 50 #96 26-1 494 9:25 2130 11:0 
$500 6 28 10 14 857 25.6 6-09 9:68 2795 17 °5 
3600 6 43 10 38 879 25-1 5:23 i 2 
3100 6 59 4һ 2 871 2416 5:38 
3500 7 16 11 26 863 2421 5:52 
3900 т 33 11 50 855 236 5°67 
4000 7 59 12 14 кит 231 6-61 
4100 8 5 12 28 #39 22% 5:96 
4200 8 26 12 52 831 224 6:11 
4300 B 44 13 16 823 71% 6°25 
4400 5 2 13 41 816 21'2 6:40 
4500 8 20 14 6 #09 20:8 E'H 
4600 9 38 14 21 502 20:4 6:69 
4700 9 56 14 57 795 20:0 6-84 
4740 0 0 6 192 19:8 6:88 


Digitized by 009! 
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5 
$ ГЕ 
5 
. = bk 538) ë 
$ ? Чин 3 ASSSSSALSRSLFSSSISRSSRSISLSSASSSSSSARSSSSARLSSSASAR 
1 БЕБЕ БЕ 
= BAS ИЙН n 


1:835 |. 
a ПСТРРЕРРРРРЕРРЕРРРРРГГРРРРРРРГТЕРРРГГГРРГЕГРГРРРРРЕ 


roming 
Muzzle velocity, 1553 f.s. 


Charge, 20 lb. P., gravimetric density, 


Projectile, studless Palliser shell with 


p 55285588%29588948294%5582958985%92%559885888 
OOOO ACCT оз оа о о? со оо f R +P A xo AO AO CO cD cD p= p= t= oo ою O O) O) O O O O 


RANGE TABLE FOR 80-рв. R.M.L. Gun. 
Based on Practioe of 8. 10. 84. and 15. 


garrison sliding carriage on 


ез сї кч © С 00 t< cO му муо - = саф о о сз == 
% 5455%28%55859294555821582295292292238145575982480958959 
52 ° ° ° ° ° ° O —— eie са са са са оэ со со со со вэ ID O XO мд VO CD tO Ф cO p= NEN © O O о O> O> O) O> O 


47348388 85888 ЗЕ Т ЕЕ Е 


Calibre of Gun, 6 
Jump, 5 minutes. 
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Rance TABLE РОВ 80-РЕ. R.M.L. Сом (Revised, 10. 85). 
Based оп Practice of 29. 7. 76.; 8., 15., and 29. 10. 84.; 12. 11. 84.; 


1. and 21. 9. 85. 


Charge, 12 ]b. P. Gravimetric density, 
Projectile, 80} lb. 

Mounting, wood, garrison. 

Jump, 8 minutes. 

Muzzle velocity, 1280 f.s. 


26 
1'066 


узшу ПВЕШ 


| high, 


Remal: 
Range must rered 


1800 857 448 12 20 

1900 4 13 5 9 п 18 

2000 4% 521 10 17 924 
2100 441 5 54 

2200 55 611 

2300 523 6 41 

2400 5 41 75 

2500 во 131 

2600 6 19 7 57 

2100 6 38 834 

2800 6 58 92 

2900 118 9 30 

3000 139 9 59 57 9 

3100 8 0 10 29 54 9 

$200 8 22 no 5:2 9 

3300 844 1132 49 8 814 
2400 96 12 5 47 8 807 
3500 929 12 83 4:5 8 800 
3600 9 52 13 12 43 7 798 
2700 10 16 13 47 441 7 186 
3800 10 40 14 22 3:9 1 719 
3900 п 4 14 58 87 6 772 
4000 11 29 15 34 8% 6 165 


the Ђоге, 


(about).* 


* To obtain this density the base of the - when home should be 1151 inches from the bottom 


$200 
3300 
3400 


3500 
3600 
3700 
3800 
3900 


4000 
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RaxcE TABLE ғов 64-pr,'R.M.L. Gon, Marx ПІ. 
Based on Practice of 10, 2. 85. and 13. 3. 85. 


Charge, 8 Ib. R.L.G@. or Е.1.0. or L.G. Gravimetric density, 29.9 
Projectile, common shell, weight 65 15. 
Muzzle velocity, 1260 f.s. 

Mounting, siege travelling. 

Jump, 10 minutes. 


$ Time of Flight. 


о 4 o ‘ f.s. 
1260 

0 1 011 1232 0:24 

0 12 0 23 1206 0:49 

0 23 0 35 1179 0:74 

0 35 0 45 1164 1:00 

0 47 11 

0 59 115 

1 12 1 29 

1 25 1% 

1 38 1 59 

1 52 2 15 

2 6 2 32 

2 20 2 50 

2 35 з 9 

2 50 3 29 

35 350 

8 21 411 

3 37 4 33 

3 53 4 56 

410 5 20 

427 5 44 

4 4 63 

51 6 33 

5 19 6 58 

537 723 

5 55 7 49 

6 13 8 15 

6 82 8 42 

6 50 9 10 

79 9 29 

129 10 8 

7 49 10 28 

810 п 8 

8 31 11 39 

8 52 1210 

9 14 12 42 

9 36 13 14 

9 58 13 46 

10 21 14 19 

10 44 14 52 

п 8 


% The shell should be rammed to 7°9 inches from the bottom of the bore. 
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Кахов TABLE ror 64-рв. R.M.L, CONVERTED Guns or 58 AND 71 сут, 
Based оп Practice of 10, 2, 85, and 13. 8, 85. 


Charge, 6 Ib. R.L.G.2, R.L.G. or Г.@. Gravimetric density, ==» 


Projectile, common shell, weight 65 Ib. 
Muzzle velocity, 1125 f.s. 

Mounting, wood, garrison, 

Jump, 13 minutes, 


ы > 
а ~ 
š 8 š 
8 А & Fuze Scale. 
5 2 Ет Е 15-seconds M.L. 
3 5 Bg 3 Wood Time Fuze, 
= 5 ° 
Е š zs 8 
< 2 = Е 
Беса, уда. fuze. 
245 10 
013 | 270 0:27 310 15 
200 013 027 | 127 0-54 380 29 
300 02 041 ы 0-82 445 25 
400 0 40 0 56 61 1:20 515 3-0 
580 3-5 
500 ом 11 48 1:38 650 470 
60 | 18 127 40 1-67 715 4% 
по | 12 1 43 33 1597 785 5% 
#00 1 37 20 i 2-28 850 5% 
900 152 217 2-59 920 6-0 
985 6-5 
1000 27 2 35 22 2-91 1050 7:0 
1100 222 2 53 20 3-23 1115 7-5 
1200 237 3 12 18 3:55 1180 8.0 
1300 2 ва аю 16 3:87 1245 8-5 
1400 3 9 э 53 15 4°20 1310 9-0 
1315 9:5 
1500 325 415 13 4-53 1440 10:0 
1600 3 42 437 12 4°86 1505 10% 
1700 3 59 50 11 5-19 1570 11:0 
1800 417 5% 11 5:53 1635 из 
1900 4 35 548 9-8 5-87 1700 12:0 
1760 12% 
2000 453 6 13 8-2 6-21 1825 11-0 
2100 512 6 39 8:6 6:56 1885 1345 
2200 531 7 6 8:0 6-91 1950 14-0 
2300 551 7% 7-5 7-27 2010 145 
2400 6 11 8 3 11 7'63 2075 15:0 
2135 15.5 
2500 6 23 в 23 67 7:98 2200 16-0 
2600 6 54 9 3 6-3 8126 23) 16°5 
2700 716 9 34 5.9 8°73 2325 17°0 
2800 7 38 10 5 5% 9-10 2385 11:5 
2900 81 10 37 53 8-48 2450 18-0 
2510 185 
3000 8 24 11 10 51 9°86 2570 19-0 
3100 8 47 11 43 48 10:25 2630 1945 
3200 9 11 12 17 4*6 10% 2690 20-0 
3300 n 36 12 52 44 11-0 2745 20-5 
3400 10 2 13 27 42 114 2805 2170 
2860 21-5 
3500 10 28 Moa 4% из 2920 22-0 
3600 10 55 14 40 2% 12% 2975 22% 
3700 11 22 15 17 37 12% 3030 23-0 
3800 11 50 15 55 3% 13:0 3085 23-5 
3900 12 19 16 3 34 134 3140 24:0 
5 
4000 12 48 22 А 


9 The shell should be rammed to 6*4 inches from the bottom of the Ђоге, 


» Google 
C. 
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| RANGE Tase ғов 40-Pn, R.M.L. Gun, Marg I, 34 сут. 
Based on Practice of 22. 8, and 8. 4. 72. 


Length of bore, 7 feet 1% inches. 

Total length, 7 feet 11:65 inches, 

Charge, 7 lbs. R.L.G. 

Projectile, common shell, filled with sand and plugged. 
Weight, 881 lbs. 


Distance | Eleva- Distance | Eleva- Time 
` of Object. of Flight. | of Object. | tion. | of Flight. 


«* «Ф Фф o со о ч с) с с) Ф cO c ъъ ~ 


~ 
о 


о 
о 
0 
0 
0 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
8 
8 
8 
8 
4 


к 
о 


The fuze scale was deduced from curve laid down from practice table. 


yds, 


3 $22 B БЕ Е Š ЕЗ ТЕ БЕБЕ 8882 БЕБЕНЕ 


š Bi 88 55 ED š 


— 
= 
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Rance TABLE FoR 66-кхон R.M.L. Gun. 
Based on Practice of 11, 10. 80. 


Carringe, H.P. Projectile, battering shell, 100 15, 
‘Jump, 8 minutes. Muzzle velocity, 1416 f.s, - 
Charge, 25 lb. Р. 
5 minutes 
5 minutes’ | will alter 
Fuze Scale, 15 secs. 
Time Fuze with 
detonator. 
v Becs. yds. tenths, 
0 6 0:25 190 1:0 
08 015 0:45 279 1:5 
016 0 25 0:70 366 2% 
024 0 34 0:91 453 2% 
0 22 0 43 1417 540 a0 
0 40 0 54 1:40 626 3:5 
112 40 
0 49 15 1°65 800 455 
0 58 1 16 1-90 880 550 
1 08 1 28 2:15 960 575 
118 140 2-41 1040 6-0 
1119 6:2 
1 28 1 53 2-68 1199 70 
1 38 25 2°05 1278 77) 
1 48 218 3°20 1357 a) 
1 58 2 82 3°48 1435 8*5 
1512 9% 
2 9 247 8:75 1589 9% 
220 3 33 4°00 1666 10% 
1741 1975 
282 321 4:30 1814 110 
24% 3 35 4°60 1885 11% 
2 56 3 55 4:90 1955 12% 
3 5 415 5:20 2024 12:5 
3 21 4 35 2092 130 
2159 13°5 
3 34 4 56 140 
2292 145 
3 48 517 2367 1570 
2423 15 5 
42 538 982 2483 169 
416 6 0 973 2555 16.5 
2620 1170 
4 50 6 22 963 2686 11% 
- 2751 18°0 
4 44 6 44 954 2816 18% 
4 59 716 945 2882 190 
514 7% 937 2947 19.5 
3012 20-0 
530 8 10 928 3079 20-5 
547 8 40 920 3147 210 
3216 21°5 
64 910 912 3286 22-0 
6 21 9 36 903 3355 22:5 
3425 23:0 
6 38 895 3495 23-5 
6 56 837 3564 2470 
3632 24-5 
1 15 880 3700 2570 
8 34 872 3764 25:5 
3828 260 
вы 854 3892 26-5 
9 14 846 3956 27:0 
4022 2175 
9 35 839 4088 2870 
9 56 833 4151 285 
4210 29:0 
0 18 826 4265 29% 
4320 30 0 
819 
812 
806 
799 
79% 
787 
тво 


32882853 8 
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Rance TABLE FOR 40-гк. Витер M.L. Сом оғ 35 сут. 
Projectile, common shell or shrapne! shell, with gas-check 


Charge, 7 15. R.L.G-?, R.L.G. or L.G. 
Muzzle velocity, 1425 f.s. 

Mounting, siege travelling. 

Jump, 11 minutes. 


555 в 
: rey МӘ per cent. of 
4 B * >g rounds should fall 5 4 Fuze Scale, 
а $ Ез 3 within 22 
= 465 | < | 89 
š > Яа а Яо 
- = - 
~ | НЕЕ ; | Е | 25 5 
2 = = а : A - B 
2 88 8 = = 9 E] ЖЭ 8% 
= Е &/ 3 = ° ts | 83 
= 8 ch 
3 11 PSI Е|Е|Е [à 
= д = Ë = м | 
100 2 0: 
200| 0 6| 018 1359 56 0:29 20 |0416 | 0:02 | 040 520 | 25 
мо! 015| 027 1326 ^з 0:43 20 | 0:24 | 0:03 | 0'65 | whole 620 | 3% 
400 | 024| 039 1294 ы 0-58 20 |0522 | 006 | 0-90 114 120 | 85 
820 | 4% 
500 | 034 | 048 | 1262 50 0,72 20 | 0440 | 0110 1715 142 920 | 4'^ 
600 | 0 44 то 1235 49 0-87 4 0548 | 0114 1:40 115 1020 | 5'0 
700 | 0 54 112 1208 48 1701 20 0556 | 0:19 1'65 | 9572 1120 55 
800| 1 4 124 1182 47 1:16 20 | 0-68 | 0:25 1:90 | 8199 1220 | 6% 
1315 6*5 
900| 114 1 38 1156 46 1:31 20 10:11 | 0-32 | 2415 | 704 1410 | 170 
1000 1 25 150 1130 45 145 19 0:79 | 0440 2140 | 62-5 1505 15 
1100 1 36 2 4 1119 44 1°60 19 0-87 | 0748 2°05 5370 1600 a 
1200 147 219 1091 43 1:74 19 | 0:93 | 0755 2:90 49.0 1695 8'5 
1790 | 9*0 
1300 1 58 2 24 1072 4: 1-59 19 1:02 | 0:63 aris 44-2 1885 0:5 
1400 2 B 2% 1053 41 2-02 18 1:10 | 0-41 3:40 | 4072 1950 | 10'0 
1500 220 36 1034 40 2°18 19 1:17 | 093 370 36'8 2070 | 1075 
1600 | 232] 320 1021 40 2:32 19 1924 | 1*06 | 4:00 | 3471 2160 | 11:0 
2250 | 11*5 
1700 | 244| 325 1008 39 247 19 1°42) 1:20 | 4:30) 219% [2340 | 12-0 
1800 | 2 56 | 3 55 995 85 2.61 19 199| 17 4'60 | 29-1 2425 | 1275 
1900 | 3 9] 415 042 37 2-76 20 146 | L'H 4:80 | 26'8 |2510 | 13-0 
2000 | 322 | 436 970 56 2°91 21 1:53 | 1772 | 5:20 | 248 | 2595 | 13'5 
2650 | 14°0 
2100 | 335| 4 50 958 36 3:05 22 1'60 | 1'90 | 5:50 | 23-1 2765 | 145 
2200 | 349| 51: 947 as 31:20 zy 1°69 | 2711 5:80| 21:5 [2550 | 10 
2300] 4 3| 538 936 34 3:24 23 1:76 | 2544 | 610] 201 2930 | 1575 
2400 | 417| 6 1 25 33 3:43 74 1:84 | 2:60 | 6:40 18:8 [3010 | 16-0 
$090 | 1675 
2500 4 32 | 607 914 32 3,63 25 1°91 | 2:89 | 6:70 1755 | 3165 | 1770 
2600 | 447 6 54 904 al 8118 2 1:90 | 3720 | 7:00 16:73 | 3240 | 1725 
2700 5 3 7 25 #94 30 3:97 26 206 | 2752 7:30 15:2 | 2315 | ін 
2800 | 519| 756 854 29 4107 % 2:13 | 3754 | 1760 142 | 3390 | 1855 
3460 | 19% 
2900 | 535 R 12 874 20 4721 28 |2:21 14:11 1:95 1334 [3530 | 195 
3000 6 22 н 46 864 28 4:56 29 2°28 | 4-50 БЭ! 12:8 3600 | 20-0 
3100 6 9 910 BAS 25 4:51 25 236 | 4559 8-65 12-2 3665 | 2075 
3200 6 27 9 48 846 27 4°65 a0 2:44 | 5720 | 0-00 11:1 3730 | 2170 
3790 | 2175 
3300 | 6 4^| 10 5 кз? 27 4:80 ЗІ 2551 | 5°60 | 9733 1:2 [3850 | 22-0 
3400 | 1 3 2 828 26 4:94 al 2:598 | 6:00 | 9°70 10-7 [3910 | 22% 
3500 1 22 819 26 5:09 a2 2°66 | 6740 | 10°05 10-2 8965 | 2370 
3600 7 41 810 26 $72 з |274 | 06:50 | 1040 9-8 4020 | 2375 
4070 | 24°0 
3700 во BOZ 25 5:38 83 | 2°82 | 7'23 | 10:15 4 4120 | 24*5 
3800 | 820 194 25 552 34 | 2°00 | 7767 | 11:10 9:0 | 4165 | 2570 
3000 | 840 786 24 567 34 | 2°97 |811 | 11°50 8:6 [ 4210 | 255 
4000 9 0 718 2 5°81 85 | 3°05 | 8755 | 11790 82 [4250 = 
42 E] 
4100| 921 11 23 5:96 35 | 3:13 | 9:00 | 12:20 748 | 4325 | 2170 
4700 9 42 702 23 6:11 36 | 3°21 | 9145 | 12°70 7:5 | 4860 | 27*5 
4300 | 10 3 ы 2 6°25 AT | 3°28 | 9°BO | 13°10 74 | 4390 | 2890 
4400 746 2 6°40 37 | 3:36 10-35 | 13°50 72 | 4420 | 285 
4450 | 2970 
4500 739 23 6:54 38 | 3°44 10:80 | 13°95 7:1 | 4475 | 2953 
4500 | 80-0 
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Rance TABLE FOR 25-pr. Бігікр M.L. Gun or 18 сут. 
Projectile, common and shrapnel shell, 25 Ibs. 


Charge, 4 15, R.L.G.? ог R.L.G. ог L.G. 
Carriage, W.I. Travelling. 
Jump, 8 minutes, 


55 55% а 
"E Ес. 228 50 per cent. of 5 
м = |8Ё 585 | rounds should fall = Fuze Scale. 
3 |95. 353 within : 1 
E - 5 Бо = 25 Е Яо 
р х 5% | 8 >» = «Лл = 
$| s | а |573) 22 414 Ez 2 
5.) 3 а: 8 |8 БАЕ а | | 3 8 | 58 |5: | 28 
š | £ 2 a 125313:3| 8 | 8 | S | š | == 58 | ЕЗ 
8 5 858 |455| 8 | $ = Е EA FE Е 
= ы 4 š = * 4 д ш Е а 814 
уа | 9 * 24 fs yds yds yds. | yds yds. 

9 1:0 
100 | 0 8 010 | 1317 50 '0 0:14 20 | 0°07 | 070 15 
200 | 018| 020|1284 | 500 | 0:29 | 20 [O0*14| 0-20 2-0 
300 | 025 0 30 | 1252 5070 0:43 20 | 0721 0-35 2% 
400 | 033 0 42, 1220 454 0-53 20 |0'28 | 0-9 3-0 

35 
500 | 049 0 54 | 1183 454 0:72 20 | 0°35 | 0.65 470 
600 | 10| 16 1162 | 416 | 0:87 | 20 |042) 0-0 45 
7 112 1 20 | 1137 4156 1:01 19 | 0:49 1:00 5*0 
800 | 174 134 1112 4156 1:16 19 |0%6| 1°20 5% 
6% 
900 | 136 50 | 1087 33-4 1:31 19 10:04 | 1°45 65 
1000 149 2 н | 1062 384 1:42 19 0:72 1:70 170 
1100| 22 2 27 | 1046 35°7 1:60 2 0'0 | 1°95 15 
1200 | 216 246 | 1031 8577 1:74 20 | 0-58 | 2°20 32 
8° 
1300 | 230 86 1016 333 1:59 20 | 0°96 | 2°50 9:5 
1400 | 245 3 26 | 1001 3373 2°03 21 144 | 2°85 9.5 
1500| 3 0 346 | 956 31:2 2*18 21 118 | 3°20 10:0 
1600 | 316 4 3 913 3172 2:32 22 1:21 3.55 | t Е 
11 
1700 | 332| 432| 90 | 31-2 | 247 | 22 | 1-30] 3595] 491 115 
1800 3 48 4 58 947 3172 2761 23 1°39 435 525 12:0 
1900| 4 4 524! 93 31:2 2:76 24 1-45 4780 | 5560 1255 
2 4 20 552 | 922 294 2091 25 1:57 525] 5°95 a 
| 3% 
2100 | 437 62 910 27:7 3:05 26 1°66 5115 | 6:30 14°0 
2200 | 4 55 6 50 899 277 3°20 25 1:75 6:25 | 6°65 1475 
2300 | 513 720! вез 2613 a 30 1'55 | 6:80 7:01 159 
2400 | 532 782 87 25:0 3:49 31 1:95 | 7:40 | 7°38 1575 
16'0 
2500 | 552 824 | 566 250 3°63 33 | 2°05 | 800| 7°75 16:5 
2600 | 612 853 | 55 23:3 8718 35 |21:15| 870) 8712 17°0 
2700) 6 33 9 32 | 846 22 7 3:02 36 |2:25 | 940| 8°50 17-5 
2800 | 655| 10 6| #36 277 4°07 88 | 2°35 | 10°25 | 8:58 185 
g-i 
2900 | 717 10 42 | 826 2177 4771 39 | 2'45 | 11:20] 9°26 19*9 
3000 | 740) 1120, 817 21:7 4°36 40 | 2°45 | 12°28 9:64 19-5 
3100 | 8 3 11 58 | 808 217 4721 42 | 2°65 | 13:50 | 10°03 2010 
200 | 826| 1238, 799 20 4°65 44 | 2°75 | 14780 | 1042 | 9:00 20 
21:0 
3300 | 8 50 13 20 790 20°0 4°30 46 | 2°84 | 16°10 | 10:82 8°50 21 
3400 | 915 14 4 181 1875 494 48 |256 | 1145 | 11723 8°00 22°0 
3500 | 9 42 14 50 | 772 1853 5:09 50 | 3°07 | 18:50 | 11:65 | 7°50 22:5 
3600 | 10 9! 1536| 763 18% 523 52 |3'18 12:07 | 7-00 2 
3700 10 36 | 16 24 154 | 17'8 5'38 54 | 3°29 49 | 6-50 2470 
3800 | 11 4 17 14 | 746 M8 5:52 55 13740 *91 5:25 2475 
3900 | 11 32 18 4| 738 17% 5%7 58 | 3:52 Р 6:00 25:0 
4000 | 12 18 57 | 730 16.6 5'81 60 | 3-64 7 5775 =ч 
4100 | 12 31 19 51 | 122 16.1 5-96 5°50 26°5 
13 2| 20 48 | 714 15'5 6:11 5:25 2779 
4200 | 1334 | 2148 | 706 151 6°25 5:00 27°5 
4300 | 14 7 | 22 52 | 698 1541 6:40 4°75 28-0 
4100 28'5 
4500 | 14 40 | 23 59 | 691 ил 664 4:50 23 
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Rance TABLE ғов 16-рг. R.M.L. Сом or 12 сут. 
Charge, Зв. E.L.G., B.L.G.? ог L.G. powder, 
Projectile, common and shrapnel shell. 


Elevation. Scale. 


e г 

0 0 1 
0 6 1°5 
016 2 
0 28 2.5 
0 40 8 
0 52 8:5 
1 4 4 
116 4-5 
128 5 
1% 5:5 
1 52 6 
24 6%5 
216 7 
2 28 7:5 
2 40 8 
2 58 8:6 
8 4 9 
8 16 9*6 
8 28 10 
3 40 10:5 
3 62 11 
4 5 11:5 
4 18 12 
4 31 125 
444 13 
4 57 13:6 
510 14 
5 2+ 1455 
5 38 15 
5 52 15.5 
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Range TABLE For 18-рв. R.M.L. Gun. 
Based on Practice of 14. 2. 79, 18. 8. 79, 27 and 28. 8. 79. 


Weight, 8 cwt. 

Charge, 8 lb. 2 oz. R.L.G.? 

Projectile, common shel! or shrapnel, 13 lb. 4 oz. 
Muzzle velocity, 1560 f.s. 


is Lg 50 per cent. of 
4 23 323 rounds fired 
541218 5 543 should full within 
ыт? g % 2 = 
: 5 š ЕЁ 255. 
Е 2 25 Base 
E += ie 53 
8 Be зо а 5 
‚| 3 s | 5 | = | #55 | 48| 4 | 4a] 5 : lag 
& а зы в 2545 = Ë КЕ 
Е #5 gba | #283 BE. =. 
ц- g н нае ы 8 5 
3 а Ë < = “в = a = 
уй. | 5 ? necs, m 2 | f.s, ‚| yds. | yds, 
250 0-65 | o 22 | 1452 x2] 9:00 | 240 | 1-0 
300] 0 3| 054 | 0 2s | 1400 0:02 | 360 | 15 
400| 0 H | 1:03 | о 39 | 1417. 0:04 | 480 | 2-0 
$00| 0 19] 1583 | 0 51 | 1376 0:06 | 580 | 2% 
600 | 0 23| 1-53 | 1 3 1336 0:0 | 630 | 39 
700 | ол 178 | 1 16 1298 0:12 | 750 | 3% 
вод | 0 46 2-04 | 1 30 1262 0-15 | 870 40 
900 | 0 56 | 7-30 | 1 44 1228 0:26 | 060 | 4% 
1000 |1 0| 256 | 1 59 | 1198 2 0:36 | 1050 | 50 
100 1 16| 22 | 2 1} пе ТЕ 0:48 |100 5% 
1200. | 1 27) 348 | 2 30 1135 . 0-60 | 1230 | 69 
1300 | 1 33| 3:34 | 2 46 1108 | at 0°73 6*5 
1400 | 1 50| 3:60 | з 3 1083 E 0:86 10 
1500 |2 2]| 357 | 3 21 1060 . 1:02 7% 
1600 | 2 14| 444 | 3 40 1039 Im 1:20 8-0 
1700 | 2 26| 4*2 | 4 0 | 1029 1 4 140 8-5 
1800 | 2 39| 471 | 4 20 1003 zl 2| 1:60 9.0 
1900 | 2 52| 5900 | 4 40| 988 2 38 | 1-82 9-5 
2000 |3 6| 530 | 5 1| 974 23:25 | 1-44 | 2-05 10-0 
2100| 3 20| 5-60 | 5 23 961 3 149 | 2-30 10% 
2200 |3 35| 591 | 5 46) 949 25° 1:54 | 2-56 1170 
2300 | 3 50| 6-3 | 6 10 937 25" 1:59 | 2:84 1145 
2400| 4 &| 656 | 6 35 | 925 20" 1-64 | 3:14 12:0 
2500 | 4 2| 6:90 | 7 1 91 : 1:69 | 3-45 13-5 
2600 | 4 89| 775 | 7 27| 903 55.65 | 1:74 3:78 1370 
27 4 56| 161 | 7 5а | ноз 29-55 |149 | 4-13 18% 
2300 | 5 13| 7:99 | н 22| ew? 30 47 . 45 14-0 
2900 | 5 30| B38 | ям 821 31'2 4:90 14% 
3000 5 47 8°78 9 21 мз 8170 v 15 *0 
3100 | 6 4| 949 | өм 852 2 7 1375 
3200 e 22 9-61 10 74 | 843 » 169 
3300 | G 40 | 10°03 |10 h;| 83 " 16% 
3400 | 6 59 | 10-45 |11 1 в 34-3 17 %0 
3300 | 7 13 | 10:37 |12 6| 810 35. 11% 
8600 | T 29 | 11-30 |12 42| 507 | 254 36: 18-0 
3700 | 7 53 | 1125 |13 15| 798] 25- 36° 18-5 
3500 | я 19 | 12-20 |13 54| 790 2: 37°: 19-0 
3900| 8 39 | 12-65 |14 30| THe] 237 22% 19-5 
4000 | 9 011340 |15 6| 774 Л" . 20-0 
4100 | 9 21113555 |15 44! 706 : 39» 205 
4200 | 9 42| 14°00 | 16 2| 79| 227 39 эд | 21-0 
4300 | 10 411445 [17 6| тм| 217 49-00 21-5 
4400 | 10 27 | 14:20 |17 43| 74 | 208 41°30 22:0 
4500| 10 51 | 1940 | 19 зо | 737| 203 42440 29% 
4600 | 11 15 | 15:90 |19 12| 730| 200 4330 23.0 
4700 | 11 40 | 1640 | I9 54] 72 192 41:20 2375 
4800 | 12 6 | 16°99 | vo 29| 716] 185 42:10 24-0 
4900 |12 33|17:40 |2] 24] 769] 175 48-00 24-5 
0000 | 48 1]|17:92 |22 10| 708 17:3 46704 250 
0100 | 13 30 | 18-44 |?2 57| 67| 16:8 4758 255 
5200| 14 0 | 18:06 |v3 45| Gol] 161 45°53 26-0 
5300 | 14 31 | 19°50 |24 33| 65| 126 "mE 26-5 
5400 | 15 3 9094 |25 21| 09| 151 К 27-0 
$500| 15 36 | 20560 | 20 9| 672] 139 51:90 27% 
5600 | 16 12 | 21:16 |27 0| G67] 1254 5206 2870 
5700 | 16 51 | 21°76 | 7 51 | 661| 119 мч 28-5 
5500 | 17 33 | 22-36 | 28 42] бл| 11-1 55:14 2910 
, 104 2 


Jump, 21 minutes, 
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қ Rance TABLE ror 9-рв. R.M.L., S.S, Gun оғ 8 сут. 
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Based on Practice of 38. 10. 78. 


Charge 1 lb. 12 oz. R.L.G.* ог R.L.G. ог L.G. 


Projectile, weight, 91 1bs.* 
Mussle velocity, 1830 f.s. (about). 


2324 
Gravimetric density, ^5... (sbout). 
Mounting, iron slide. 
Jump, 16 minutes. 


Range. | Elevation. Angie of mew feet — Velocity. Flight. Fuze Scale, 
be "n 
within 

yards. @ x 44 па yards. f.s. secs. yards. | fuze. 
0 . 306 05 
100 011 312 521 1279 0:23 330 10 
200 ° 5 © 22 156 260 1231 0°47 455 15 
300 016 0 34 101 168 1187 0:72 530 2:0 
400 027 047 18 122 1146 0:96 605 2:5 
500 0 39 } | 56 94 1107 1:24 680 8%9 
600 0 51 117 45 74 1073 1°51 755 3.5 
700 14 1% 37 61 1045 1:80 830 40 
800 117 152 81 ы 1022 2°08 905 4% 
900 130 210 26 44 1000 2°39 980 550 
1000 1 44 2 29 23 3з 980 3-69 1050 5% 
1100 158 2% 20 34 960 3:0 1120 6% 
1200 213 8 10 18 30 941 3:32 1190 6% 
1300 228 3 32 16 27 923 3:04 1255 7% 
1400 2H 3 55 15 24 906 3-97 1320 7% 
1500 31 42 13 22 889 4°31 1280 80 
1600 318 44 2 20 873 4°65 1440 8% 
1700 3 36 5 18 п 18 858 5:0 1500 9% 
1800 з 55 5 50 9:8 16 843 5:35 1560 95 
1900 4 15 625 839 15 828 6°71 1620 100 
2000 4 36 72 8:1 14 814 6:08 1680 10% 
2100 4 53 7% 14 12 800 6°45 1740 1% 
2200 521 8 20 6'8 11 787 6:83 1800 114 
2500 5 45 91 6:3 п 71% 1:21 1856 120 
2400 6 9 9 44 5:8 10 761 1:60 1915 12:5 
2500 634 10 28 5% 9 749 8% 1970 139 
2600 6 59 11 14 5-0 8 737 8-41 2030 13:5 
2700 125 12 1 “7 8 725 8°82 14-0 
2800 7 52 12 50 4:4 1 113 9:24 2140 14% 
2900 8 20 13 40 4l 1 701 9:67 2195 15%9 
3000 849 14 32 зэ 6 690 10:10 2250 1575 
3100 9 19 15 25 3.6 6 618 10:60 2300 16%9 
2200 9 50 16 19 34 8 661 11110 2355 16:5 
3300 1021 1714 8-2 5 656 11750 2410 по 
. 3400 10 53 18 11 30 ь 645 12%9 2460 17% 
3500 И 26 19 10 29 5 6% 12-50 2510 18-0 
3600 12 0 20 12 27 5 624 12:30 2560 18% 
2700 12 55 21 16 2:6 4 614 13°40 2610 19-0 
3800 13 11 22 21 24 4 604 13:90 2660 19% 
3900 13 48 23 27 23 4 5% 14°40 2710 20-0 
4000 и 26 24 35 272 4 584 14:90 2160 20% 
2806 21% 
2855 21°5 
A 280 | 23 

ссагасу :— -= ° 
50 per cent. of rounds should 3000 | 23-0 
fall within 3045 > H 
DG: [L———————— 3140 24-5 
Length. | Breadth. | Height. | m 142 
— 3285 26°C 
3330 26:5 
3375 21:0 
3425 27% 
3470 78 
355 28% 
3500 29-0 
3605 29% 
3650 30:0 


ов. more than 


• Te mL нээ ота тәтей TOO ч about оқ мам йи нэрий ош 
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Range TABLE FOR 9-рв. R.M.L., L.S. anp 5.5. GUN or 6 CWT. 


Based on Practice of 7. 2. 71. 


, 1 Ib. 8 oz., R.L.G.3 
Projectile, 9 1b. 
Muzzle velocity, 1200 f.s. (about). 


Gravimetric density, у-у (about). 


Mounting, iron slide. 
Jump, 6 minutes. 
To hit an 
Ап of | Slope of очи Ветаіпіп | Time о! 
Range. Hon. Descent. | Descent. Range must Velocity” Flight. Fuze Scale. 
. |w 


таг. е , іі yards, 14. secs, yum. ** 

5 

100 97 0 14 245 409 1158 0:26 370 1% 

200 0 20 0 29 119 198 1118 0:52 445 1% 

300 034 он 18 180 1084 0-79 520 29 

40 0 48 10 57 95 1054 1-07 595 2:5 

670 30 

600 12 117 45 74 1028 1°36 745 3% 

600 117 1 35 36 60 1006 1%6 820 470 

100 132 1 53 30 51 985 1:96 890 4-5 

800 1 48 2 12 26 43 965 2°27 960 60 

800 2% 232 23 38 946 2:58 1030 5:5 

1095 6:0 

3000 2 20 253 20 23 2:90 1160 6:5 

1100 237 315 18 29 910 3-23 1225 70 

1200 2 54 3 38 16 26 3-56 1290 75 

1300 313 42 14 23 877 8-90 1380 8-0 

1400 3% 428 13 21 4% 1410 8.5 

1470 9% 

1500 349 4 56 12 19 847 4:59 1530 9% 

1600 49 28 10 17 832 4:95 1590 10 

1700 4% 58 9:5 16 518 5:31 1645 10:5 

1800 4 51 81 87 14 804 5'ва 1105 1% 

1900 5 13 6 8% 13 101 6-05 1765 11% 

1810 12:0 

2000 5% 44 14 12 778 6:43 1870 12:5 

2100 6 0 24 6:8 п 164 6:82 1925 13-0 

2200 6 25 6 62 10 152 7:21 1985 13:5 

2300 6 51 50 5:8 10 740 7°61 14%9 

2400 718 37 5:3 9 128 8:02 2085 14.5 

2140 15-0 

2500 74% 49 8 716 8-44 2190 155 

2600 8 15 4% 8 704 8:87 2245 169 

2700 8 45 43 7 693 9:20 2295 16:5 

2800 916 4% 1 681 9-74 2350 179 

2900 948 87 6 670 10°10 2400 11% 

2450 180 

3000 10 21 55 6 659 10:50 2500 18:5 

3100 10 55 32 5 648 1% 2550 19:0 

2200 11 30 3-0 5 637 11750 2600 19:5 

2300 12 8 2:8 5 627 12% 2650 20%9 

$400 12 42 27 4 617 1240 2695 20% 

2745 21°0 

2500 13 19 25 4 607 12:90 27:0 215 
3600 2840 20 7 

3700 2885 22:6 

8800 2935 23-0 

8900 2980 22:5 

3030 249 

4000 3075 24'5 

3120 25-0 

7 3165 25.5 

3210 26-0 

3260 26% 

3205 2770 

3350 21:5 

3400 78'0 

3445 28% 

2490 29-0 

3535 29:5 

3580 30-0 


” The common shell (filled with P. and F.G.) weighs about 2 oz. less, and the ehrapnel shell about 
20z more than this weight. 
Aceuracy.—The accuracy is very similar to that of the 9-pr. of 8 owt. 


(с.о.) 2 F 


D 


36-0 


0710 
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Based on Practice of 19 and 20. 12. 78. 


Charge, 1 Ib. 8 ол, R.L.G-3; gravimetric density, 
Projectile, common shell or shrapnel, weight 7 lb. 


Muzzle velocity, 1440 f.s. 


Каков TABLE ков 2:5-INcH втккі, R.M.L. Gon. 
Jump, 10% minutes, 


of es © 2 9 ж ee 9 V & 9 «ле € 9? 4 V по о d. € € 949 4.4 8514 w « s; « 9 4 9.9 


a төзе: Oe а Фе Wo. №. % 28576), YU же c 28. 9-6 2825624 :9, О, € NOS SP тр ое 9-19 


81 53 55 51 53 50 53 03 53 63 63:03 00 00 00 00 00 03 00 00 00 00 00 00 00 00 00 00 00 00 63 бэ О3 бэ бэ 6) 63 53 83 б3 
1 54 ғғ еч г гез г + 64 гі гі ғ гі гчі гі р СТЕ + + + à+ тч үч ч =ч сч Ñ сч С3 Q 


58509%982228451258822г%98295% 


4-9: 6! X8. Sele, a 18-5 (Ri W. f eee W. 160200? а 8 


ЗЕВСА а 3 чаг 


ОСС тете rH — гч 0354 са са са 01 09 02 бэ бэ 02 с 
383588283838333533533383353333538333355833238 
=ч сї са со сз 

ж үед і - m үе — =ч 
528355222%21%9858%282812929Рр05480522888026 


» ја (od 29, Ж о Ой ымы # и 2804 ја сво & WU WI UG ла Mi ја је * ә oW. W 39. в Ж 98 4 Ч... 


ins а зәтшш g 


А и ас талы М 325 жік тан жы жа wb 3k Ñ ис Le! Oke Бы Залы К 


жөр. ешара Š 22а35а39%4 Зара 58889 ла 5828 3553335221383383 

+ e ж < > a o 69 г- о 5 ос а “8 о963,4 О С 0 r< ~ ~ x 

оны | 458555218252%2225252855585205%855558%985580 
— ғә те өз гө үс 4 тч рі үс үс 

sanaji орау 489289452255 851839 826838э 28 09313828“ 888а“ 

° Ó Ó O ч — ма са @ ОЧ оз 09 со sÑ <Ñ u о CO CO t= r< QO 0 ОО О ~ — са оу Poo aS tO ~ 

ge ыыы 

ott ttt het tf UU beet thet ЫРЫ БЫР 

ОООО @.O riri = ғ 05 0% 04 03 65 09 09 со“ A 40 0 10 10 (0 (0 CO t (0000 D 0. DO m 

= 4883433283288888 888 8888а8888888888888388 

5 pe om rm 24 24 24 гігігег мя ANN оз 92 02 03 69 02 03 бэ СО 02 


ғ 
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RANGE TABLE РОВ 7-р. R.M.L. Сом or 200 rss. 
Based on Calculation, checked by Practice of 25. 8. 76. 


Charge, 12 oz. Е.О. or R.F.G.* 
Projectile, weight 71 1Ьв.® ` ` 
Muzzle velocity, 950 f.s. (about). 
Jump (estimated at), 6 minutes. 


Fuze Scale for 
15 Seconds M.L. 
Wood Time Fuze. 


Fuze Scale for 
15 Seconds M.L. 
Wood Time Fuze. 


Yards. | ° ^ | Yards. | Tenths. | Yards.| ° ^ | Yards. | Tenths. 
0 350 | 10 | 230 | 936 | 2060 | 100 
100 | 014 420 | r$ | 2105 | 165 
‚| 485 | 20 2160 | 170 

200 | 034 Е 

550 | ə | 2500 | 1051 | 21% | 175 
300 | 054 615 | 3-0 2600 | 1181 | 2240 | 180 
400 | 114 * VE | gs 

| 40 | 40 2330 | 170 
50 | 155 ; 
800 | 45 2800 | 1266 | 2375 | 105 
600 860 | 50 | 2900 | 1840 | 2420 | 20-0 


70 | 217 920 | 55 exo | заа. | 398 09 
800 2 89 980 6:0 2510 2170 
1040 6-5 2555 91:5 
90 | 81 | по | 70 2600 | 22-0 
1000 323 '| 1160 T5 2640 | 225 
1100 3 46 1220 . 8-0 à 2680 23-0 
| 1275 8:5 9720 23:5 
1200 | 4 9 | 1330 | оо 2760 | 210 
1300:| 4 33 | 1385 9:5 2800 91-5 
1400 4 4 58 1440 10:0 9840 95709 
: 1495 10.5 2880 95.5 
мю | #96 Т уде | 310: 2915 | 26-0 
1660 5'51 ^; 1605 | 115 2950 920-5 
1700: | 619: . 1660 12:0 2985 27:0 
: 1710 195 3020 27.5 
1800 | 649 | 1:60 | 18:0 | 3055 | 240 
1900: 7 20 1810 | 13:6 | 8080 28.5 
en 1910 | 14:5 | 3150 29:5 
2100 8 25 1660. | dso: | == * 
2200 9 0 5010 | 15:6 


* The practice was carried out with F.G. powder and 74 lbs. shell, hence the 
necessity for calculation, 


27123 


438 


RANGE Тавь ron 7-Pa. ВМ.Ль бох оғ 200 газ. (Steel) 


Charge, 4 oz. F.G. powder. 


Digitized by Go ОС 


439 


Rance TABLE FOR 7-Pr, КМ, Сох or 150 Lus, 


Charge, 6 oz. F.G. powder, 


Projectile, common shell, 


Elevation. a Range. Elevation. ам 

e.) Yards. 
0 39 | 1 1410 135 
0 49 1:5 14 

| жа 2 11-5 
127 | es 28 
ДР" | з 155 
2$ 3:5 16 
221 4 uos 
- Ре 17 
35 5 17:5 
3 35 5-5 m 
3 45 6 Ww 
S E 6:5 19 
4 30 " 19:5 
4 55 7'5 1950 15 22 20 
517 ~ 1980 | 15 47 20:5 
5 39 8-5 2010 | 16 12 21 
62 9 | 2660 | 1645 2155 
6 25 05 | 2080 17 15 22 
6 49 10 
7 13 10°5 
7 37 11 
7 58 115 | 
8 28 12 | 
8 50 12-5 | 
9 20 13 | 


Digitized бу Google 
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Rance TABLE ror 7-рв. R.M.L. Bronze Оон or 200 rss. 


Charge, 8 oz. F.G. ог R.F.G. Powder. 
Projectile, Common Shell. 


Time of| Fuze 


a - Range. | Elevation. Flight. | Scale. 
z Yards 5 3 Inches. | Yards. ee Secs. Inches. 
у 18 | 036 | 0-05 | 2900 | 18 27 11530 | 875 
йг 29 | 076 3000 | 19 32 |1604 | 2:85 | 
ke. 47 | 1°17 20 89 |1680 | 8-00 


Y 


о о © з с од т Oo ф.ф о о t b = ~ кю оо o 


Charge, 111 Ib. R.L.G.* 

Projectiles, common, and battering shells, fitted with rotating gus-checks, 
weight, 180 lbs. 

Muzzle velocity, 956 f.s. 
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Тлхок TABLE ror 8-1хсп R.M.L. Howrrzer оғ 70 сут, 
Based on Practice of July, September, and December, 1879, 


2121 

E = Е 

= 5 

8 а = 
044 
400 1 4 
мо 0:3 12% 
600 04 144 
700 076 за 
800 0-8 2. 
900 1:0 244 
1000 13 a4 
1100 16 374 
1200 1:9 8 4+ 
1300 23 44 
1400 2148 аш 
1700 3:3 4 ал 
1600 3% 56 
1100 44 527 
1800 579 5 48 
1900 5'6 6 9 
2000 63 6 30 
2100 11 вм 
2200 79 71 
2300 8:7 7 за 
2400 95 тм 
% 00 | 104 816 
2600 | 11:3 B fis 
700 | 12: в. 
2500 13:4 n2 
2900 | 14'5 948 
8000 | 197 |1012 
$100 | 17:0 19 8% 
8200 185 па 
8300 | 2041 11140 
$400 | 72154 11 56 
3500 2176 13 24 
2600 25-5 13 52 
370) | 27 13 20 
3800 | 29:6 14 48 
3900 | 31:8 14 14 
4000 | 34-0 14 45 
4100 | 20-4 | Io 18 
4200 | 39*0 | 14 48 
4100 4270 16 18 
4400 | 41'2 16 50 
4500 43-5 17-22 
4600 | 51-5 17 26 
4700 | 220 I5 30 
4300 | 19% 19 6 
4900 | 63% 19 42 
5000 | 67:0 20 13 
100 | 720 | 20 56 
5200 | 7770 | 21 36 
5300 | 62'0 |2218 
5400 нъ» 1: 34 0 
5000 зо | 23 44 
5600 | 989-0 | 24 2х 
5100 | 10570. | 25 12 
5500 | 11155 |26 0 
5900 | 118°0 | 26 50 
6000 | 12475. | 27 42 
6100 | 13170. | 25 36 
6200 | 137-75 | 29 30 
6300 | 11170 | 30 24 


ээсооососсоосоососсосооооссо 
2 


5 


cocoooo 
= 


072 


-“-ң-----оссосссосссооссссо-о 
f^ 05 29 S =- ~ ~ Q tet ees 
weouwck SBE A R Ssg 


Ап; е of Descent. 


пениса = m 
~ 
^ 


> 
= 
= 


же < m сс; 
= 
= 


12 4 — < — — — = — 


= 
© ехо вз 22 


Five minutes’ elevation іп- 


Remaining Velocity. 


824 248 
мі! 2873 
кы) 24-8 
код | 22 
на | 227 
199 | 217 
7M | 217 
тко | Ors 
181 | 205 
Чї9| 10 
721 | 1099 
111 19: 
707 1972 
1684 | Из 
TM) | 1778 
193 178 
751 ов 
747 | 166 
745 | 155 
739 | 10-6 
145 10-0 
731 18-5 
722 126 
723 156 
720 | 147 
717 | 147 
115 | 139 
113 | 13:9 
TH we 
709 | 141 
108 | 12% 
707 | 1199 
то | по 
105 11,4 
704 | nA 
703 | 113 
704 | 104 
105 | 10% 
106 976 
107 9-2 
708 92 
109 9:2 
710 8% 


impact vertically ог 
laterally at each ange 


Five minutes will alter point 
of 


50 por cent. of rounds, 
should fall within 


a ee ae) 


| ward 
454 | 29:7 
aud "9 
3°64 821 
з 8293 
Б H5 
4°07 857 
4-21 26-9 
4:36 3870 
4571 39-1 
4:65 10 "2 
4*0 4152 
ағы 414 
5 '09 4575 
5" 4456 
hs 451 
1-82 467 
hor 477 
fest 4576 
5:96 4955 
61 504 
6:25 | м 
640 | 2271 
ГА! 52:8 
662 ААЛТ 
6-54 5475 
боя 55 
7:14 төз 
1521 nero 
142 мә 
1154 бол 
7771 | ло 3 
7'85 бол 
8700 60-9 
BH 61*6 
8.29 62.3 
84% 63*0 
воћа 63:7 
8°73 614 
8787 65*1 
9:02 09 *8 
3.16 604 


yd. | yds. | secs. 
014 | ovo | 156 
оя | 031 | 19 
0.21 0:43 2% 
0-25 | 0-9 | 28 
0-8 | 0-67 | 30 
0542 | 07 3:3 
0:30 | 190 | 37 
040 | 1-1 | 40 
0-44 | 12 | 44 
048 143 | 47 
0:52 | 154 | 54 
0:56 | 2-14 | 5⁄4 
0:60 | 2:44 | 5 
064 | 24 | 61 
0.68 | 3505 | 65 
072 | 3536 | 6% 
077 | 378 | 72 
0:52 | 421 | 7% 
0787 464 79 
0-02 | 5-07 | 82 
0:99 | 540 | 86 
rot | 6:05 | 9-0 
110 | 6-66 | 94 
1717 | 725 | 958 
198 | 7:84 |102 
133 | 844 |10% 
141 | 94 | 1170 
149 | 9-5 | n: 
1:57 | 1036 | 11:58 
1'66 | 11528: | 12:2 
1:75 | 12-00 | 12:6 
1:55 | 12" 1370 
240 | 13:52 |184 
245 | 14-83 | 1358 
25 15584 | 1472 
245 116580 |147 
240 ! 17:96 |152 
250 119-12 |157 
3:0 | 20-78 |162 
30 167 
340 | 172 
3-35 177 
3-00 | 152 
4°15 | 14-1 
4°40 |192 
4569 19:7 
192 20°2 
feo 20:7 
5-46 21:3 
8:73 2199 
6:00 22-5 
6°27 2241 
өм 23-7 
6-82 24-3 
7:10 25.0 
7:40 25-7 
7-10 264 
800 271 
#35 279 


Digitized бу Google 
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Rance Tastes ror 8-гхси R.M.L. Howrrzeg оғ 70 смт. 


Charge, 7 lb. R.L.G.2  Muszle velocity, 716 f.s. 


i 


b a 
ы 
3 š š 
ү E 
. te 
; 4 5 з з 
НІНЕ 3 È 
ы — 
yards.| yards. | 9) їв. веса. 
300 120 700 
400 1 56 695 
500 | 08 | 232 | 0 690 1:8 
600 | 12 |з38| о 686 23 
700 | 17 | 346 | 0 652 24 
800 | 23 | 424 | 0 678 39 
900 | 30 | 52 | 0 34 
1000 | 38 | 540 | 0 670 3-8 
110 | 47 | 618 | 0 666 41 
1200 | 57 | 656 | O 662 44 
1300 | 68 | 734 | 0 658 6-1 
1400 | во | 812 | 0 654 5% 
1500 | 92 | 85 | 0 650 4 6-1 
1600 4 932 | O 646 0-94 6-6 
1500 0 63s 1% 14 
1900 0 634 1:15 8-1 
2000 0 631 1-22 8-6 
2200 0 625 138 94 
2300 0 622 1°46 102 
2400 0 1*54 10-8 
2500 0 163 114 
2600 0 1:72 12-0 
2100 0 1-81 12-6 
2500 0 1:91 13-3 
2900 0 2-03 4% 
3000 0 % 6 2°13 147 
3100 2050 | 0 25 18 2°24 15-4 
3200 2150 | 0 26 36 16-1 
3300 2254 | 0 27 57 16-8 
3400 24 0 0 29 18 17:5 
3500 2512 | о 30 48 18:3 
3600 26 54 0 32 24 19-1 
3100 2738 | 0 34 12 199 
3800 2 0 | о 36 12 20°7 
3900 3024 | 1 38 30 21% 


300 812 464 6% 0°43 

400 430 460 6% 0-58 

500 22 5 50 0 15 6 54 457 6:0 0:72 0°55 1*0 32 
600 30 712 017 818 “4 5:8 0:87 0:67 1:5 39 
700 3:9 8 38 0 19 9 42 451 5:1 1:01 0-80 20 46 
500 561 110 6 02 |n 6 448 5:5 1°16 0-93 27 5:3 
900 6:3 | 11 36 024 | 12 30 445 5:3 1:31 1-06 35 69 
1000 777 |1310 026 |14 6 442 51 1:45 1:20 44 68 
1100 94 |1448 029 |1548 440 47 1:60 1°35 5:5 1:6 
1200 | 114 | 16 33 033 |1730 438 46 1:74 1°60 6% 8% 
1300 | 13:5 | 18 21 0 36 |1918 436 44 2°89 1:66 8% 9-1 
1400 | 160 |2015 029 |2118 434 “42 2-03 1:83 10:1 | 1050 
1500 | 19:0 | 22 15 043 | 23 30 432 4°0 2°18 2:00 123 |109 
1600 | 22:3 |2421 048 |26 0 433 3:6 2:32 2118 М89 |118 
1700 | 270 | 26 38 054 |2842 434 841 2°47 2°37 180 |123 
1800 | 240 | 29 18 1 5 (32 6 435 27 2°61 2:51 22:4 | 13:8 
1900 | 42:2 | 32 74 116 |37 37 436 21 2116 2°80 294 |149 
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Rance TABLE ғов 8-імон R.M.L. HowrrsgR оғ 46 смт. 
Mean Elevation due to each 100 yards of Range, by Interpolation. 
Charge, 51b. R.L.G. ог L.G. 


Value of 5’. 


Range. Time of 
Elevation іа | Pegecrions, | "И" 
Range. 4 
9. 7 y 8 yds. веса. 
5 40 0 31 0.56 29 
70 0 36 0:70 3:5 
8 20 0 39 0:83 42 
9 45 041 0°97 49 
11 10 0 45 111 5*6 
12 45 0 48 1:25 6:3 
14 30 0 51 1:39 11 
16 15 0 55 1 53 80 
18 25 10 1-67 9% 
20 35 15 1°60 10°0 
73 0 110 1:94 110 
26 0 117 2°08 122 
29 30 1 28 2°22 137 
33 30 141 2-36 183 
39 0 2 2 2:50 | 17% 
! 


Charge, 10 Ib. R.L.G ог L.G. 
Projectile, common shell and gas-check, 185 1b. 


400 2 0 0 8 0-56 | 17 
500 2% 013 0°70 241 
600 810 017 0*83 2:6 
700 3 50 0 21 0-97 3:1 
800 4% 0 24 1*11 3-6 
900 510 0 26 1°25 4*1 
1000 5 50 0 29 1°39 46 
1100 6 30 081 1°53 5:1 
1200 110 0 33 1:67 5-6 
1200 7 50 0 35 1:80 61 
1400 8 35 0 37 14 | 6% 
1500 920 0 39 2°08 7*1 
1600 10 5 042 222 | 71% 
1700 10 55 0 44 2°36 8-1 
1800 11 35 046 2°50 8-6 
1900 13 20 048 2°64 941 
2000 13 5 0 50 2°78 9% 
2100 13 55 0 52 39% | 102 
2200 14 45 0 55 3-06 | 108 
2300 15 85 © 58 3:20 113 
2400 16 20 12 834 | 19 
2500 17 25 16 348 12°5 
2600 18 25 111 8:61 18:1 
2700 19 25 116 8:75 13.7 
2900 20 30 123 3:89 14% 
2900 21 40 12 4-03 15-2 
3000 22 50 137 4417 16:09 
3100 7A 0 145 4:31 167 
2200 25 15 163 4:44 714 
3300 26 45 21 4:58 18,3 
3400 28 25 210 4°72 19°3 
3500 30 15 221 4:86 204 
3600 32 25 233 5-00 21-6 
3100 35 0 251 5413 2311 
3900 38 15 зи 6°27 74:9 
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Rance Tante ror (-бахси П,М.Г,, Howitzer or 36 сут, 


Projectiles, common and shrapnel shells, fitted with rotating gas-checks; 
weight, 100 bs, 


Charge, 51b, R.L.G = powder. 
Muzzle velocity, batt Їл. 


ET - 
-“. 22 
| | ~ ES л | t^ per cent, of топпйк 
3 = ст | Е shuld fall within 

ылтатж 72 Фь|Е 2 

= БЕН --| 8 
ТЕРЕ LE > 

| š — 2 E Ez3 | Е = 5 

Z = = -3 ~ с > 

2 | = Ë = шш | > = Б 

| 8 & nil = |= = É 
yo ОТА ҚСР. ђе, уй» үк. веся. 

0 м | ЕТТЕ 125 ls | 14 

1 W " | | мй “. ү» ons 17 

мо «| 4 Ah 09 1170) | | 2'0 

4 w| "|4 4) 25 | јат ба | 24 

"| 0 | & 2%” TER 1179) өті| 25 

іні 4A Іт“ | ded ] 32 

446| 0 4| 6) та 1 109 | 3-6 

44,0 51 a 0 ий we 4.0 

4 wei 0 ^ ^ ow тый Irc 4% 

8:10| Oo 5) дї Wa D | 4% 

o м "od iu * 2 a2 

М. Oe ІІ T 32. ти | ri Eri 56 

В. 21%! У | i 6*0 

| ле а a] = D | 0" яст 6*4 

= зао SA Э. 0 6-5 

199160 А1:8 "l| ! * 2% 

ищо чм | 565 176 

9100 4 Ache fem Ol Tl ея к'о 
о | о] n и ae! tm | ju 84 
Зао | eo м n plies m SW | ма | м зе | 6 кз 
2400 | 7 a. РИТ) | лаб | 795] өз 
2200 5) ЕТІ) 4 9% 
7600 10'0 
2700 А” 10-10 |104 
2500 4 6 11530 | 1078 
2000 фән! gus | 1173) 
#000 49 | 13740 | из 
3160 | 14120 | 1273 
ара ы IATU | y2°8 
Sand то | nono | 13:3 
3400 г | 1520 | ps 
КЕШ 19-60 | 14*3 
3900 ПЕ 
2700 1942 
3-00 ов 
1200 164 
4000 170 
4160 17:6 
4200 1472 
өлігі 14-5 
4400 ЕП ШЕ 
4700 ше) 15:40 2072 
+000 телі 16500 vod 
1700 іші | 1810 218 
4900 tA 119710 224 
4000 | па | 21720 232 
ton) 4 24-1 
3100 | wu |a 12 | t 9 18 | 25-1 
ню | 104-0. |0 421 1 | 4624 261 
1200 | 1055. | 53 5 | 1 6135 fl | 10 | 1771 (og | 91:00 (778 
$400 | 190 |9839) 1) 232 4 "1 тъз | 00% | 3540 25:6 


Digitized by Google 
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22 86-22 . - + 


.. 3 


Блхав Тавгеа ror іне 6:6-гхсн R.M.L. Ноутт2Ев or 86 сут. 


Charge, 31b. ЕЛ, 0 powder. Muzsle velocity, 619 f.s. 


croases or decreases tho 
Bange by 


Five minutes’ elevation im- 


Drift, right. 


late: 
Length. 
Breadth. 


yds. | yds. | © « 1.2: 2 9 7 f.s ds yds. удв. | yds. yds. | secs. 
400 | 10| 3 3614 8| 3 0 10%9 0:58 81| 0:10 0:16 19 
500 | 1:2| 3 22 08 | .3, 48 | 594 1059 0:72 39! 0:16 0:26 33 
600 | 15| 4 8| 0 9,4 36| 589 1079 0:87 41 | 0-22 0-38 2 
700 | 191 4410 91.5,24| 58 10% 101 5.5 | 028 0:52 34 
800 | 2415 4 0 10| 6,55 579 106 1°16 6'3 | 0°40 0.70 3:9 
900 | 3:0| 6 29101 7 № |. 574 104 1:21 71 | 0:55 0 "90 ““ 
1000 | 37| 7 16| 0 13| 8 6}: 569 10:2 1:45 7-9 | 0-70 1°15 49 
1100 | 4.5 | 8 5| 0 14| 9 0) 54 102 1°60 8:6 | 0:85 1:37 54 
1200 | 54| 8 54| 0 16110: 0f 5501 109 174 9:3] 1:00 164 59 
1300 | 6:3 ó 44| 0 17|11 0) 556, 9% 1:89 10:0] 1°20 1:96 6% 
1400 | 7:3|10 36| 0 18112 Of 553 9:3 2-03 10:7 | 1:40 2°28 14 
1500 | 8'5 | 11 301 0 20113 6!) 550 9:3 2:18 НИ“! 1:60 2-65 11 
1600 | 10-0 | 12 24] 9 22 | 14 12| 547 943 2°32 12°1 1°90 3-06 83 
1700 | 1177 | 13 18| 0 24/15 24| 544 98 2°47 12°8 | 2-20 3°50 89 
1860 | 18:55 | 14 12| 0 26116 36| 54 813 2-61 135 | 2°30 4:02 К) 
1900 | 155 | 15 12 | 0 28 | 17 64 | 538 8:3 2°76 14°2 | 2°85 4°58 1101 
178 | 16 121 0 31 | 19 12] 535 71% 2-91 149 | 3-20 520 (101 
2100 | 2020 | 17 18| 0 33 | 20 26 | 522 76 3°05 15:6 | 3:60 5:85 1114 
2200|22:8|18 24| 0 36|22 6! 529 770 3-20 16'3 | 4-00 6°65 |124 
2300 | 2555 | 19 86| 0 38 | 23 36| 826 7:0 3:34 17:0| 4°40 145 | 12:8 
2400 | 28:5 48| 0 41 | 36 12| 523 179 3°49 171 | 4°90 8:35 | 13:6 
2500 | 320|22 0| 0 44/28 84| 521 6:4 3:63 184 | 540 9:35 | 143 
2600 | 35:8 |23 18| 0 47 | 98 42] 519 6:4 3:78 19"1 | 6°00 |1040 |154 
2700 | 39:8 | 24 36 | 0 М | 30 42 | М8 5% 3°92 19:8 | 6°60 | 11°60 | 16°0 
2800 | 44:0 | 26 6| 0 54/32 43 | 59 5'6 4°07 20°65 | 7°20 |1320 |169 
2900 | 49°0 | 27 36| 0 68/35 0) 521 49 4°21 21-2 | 1:90 | 15°00 | 17:8 
3000 | 65°0 | 29 18|] 1 31537 24| 524 4.8 4:36 21'9 | 8-60 | 16°80 |187 
3100 | 61:0 131 8| 1 8/40 6| 527 58 4°61 22:5 | 9:30 |1990 |197 
2200 | 69°0 | 33 18| 1 14 | 43 12| 53 3:3 ‚ 4-65 23:1 | 10°10 207 
3300 | 17'5 | 35 48| 1 21|47 0| 526 2% 4°60 23:1 | 10:20 213 


Charge, 2 Ib. 8.1.0.1 powder, Muzzle velocity, 482 f.s 


400 | 18| 4 3| 0 1615 0 64 0-58 24| 0:10 | 021 2:6 
600| 34| 5 410 171 6 24| 463 6“ 0:72 80 | 0-16 0*34 2 
600 | 32| 7 6 0 18| 7 48! 460 64 0:87 3.6 | 0:22 0:49 21 
700 | 40| 8 24| 0 20| 9 12| 457 64 1701 42! 0°28 0-63 4% 
800 | 50| 9 42| 0 22 | 10 36 6.3 1:16 4.8 | 040 0:90 5:2 
900 | 6011 2|0 23112 12| 451 6% 1°31 5:4 |: 0-55 1:17 59 
1000 | 1-4 | 12 26 | о 28113 48| 448| 57 145 | 60| 0-0 | 148 | 68 
1100 | 9.0 | 18 54| 0 28 | 15 30| 445| 54 160 | 66| 0-86 | 14 | 13 
1200 | 108 | 15 24| 0 31 | 17 12 | 442 5:6 1°74 72| 1°00 2°24 8% 
1300 | 12:8 | 16 54| 0 34 | 19 0) 429 5:2 1:89 78 | 1-20 2-69 8% 
1400 | 15'0 | 18 30| 0 37|21 0| 436| 49 2:080 | 84| 140 | 820 | 9-6 
1500 | 17-5 | 20. 12| 0 40| 28 0| 44| 46 | 248 | 90| 140 | 390 |105 
1600 | 20-7' 22 O| 0 45 | 25 12| 432| 48 2-32 | 961 1-90 | 4-50 | 14 
1700 | 25-0 , 23 48| 0 51 | 27 30| 430| 42 247 | 1071 | 220 | 525 1124 
1800 | 30°0 | 25 48| 0 57 | 30 6| 429 3:0 2°61 10-6 | 2°50 6°10 | 13:4 
1900 | 36:5 | 23 6| | 6/38 ој 48| 32 | 256 [1-1 | 2-85 | 720 |145 
2000 | 45-2 | 30 42 I 18 | 36 24| 47| 2-7 2:320) |118 | 329 | 840 | 151 
2100 | 68:5 | 33 48 36 | 41 12| 427 | 14 395 |124| 3-60 | 10-70 |179 


las 


33433333353333332885588333588582838888 има 
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Rance TABLES ғов THE 69-іксн R.M.L. Howitzer. 
(Based on Practice of January, 1878, and May, 1879.) 


a. connnon shell, fitted with rotatin -check ; ht 70 Же. 
Charges, 4 and 2 lbs. R.L.G.* powder. иза ~ 
Charge, 4 lbs. R.L.G.? Muzzle velocity, 751 f.s. 


š | НЕ о Toad bi within ^ 


ШЕН! 
; ШЫ 


Ё 3 Ё ii 


Ё | Drin, right, 
Elevation. 
Deflection, left. 
Height. 

3 | Time of Flight, 


9 5 | за к. Жы f.s. | уде. ne уде. | yds, ds. A 
142 2 12 721 | 15*1 *58 75 | 0-13 21 1:7 
°з 215 (0 21 142 714 | 1477 | 0-72 11 | 0:22 0:36 311 
0-6 249 |0 3| 318 707 | 14-7 | 0'87 8:6 | 0°31 0:49 25 
13 | 323 |0 6| 354 | 700 | 14-3 | 191 | 97| 042 | 0-67 | 39 
2'1 | 358 |0 9| 430 | 693 | 14-3 | 1-16 | 10 | 0-53 | 0:85 | 8% 
39 | 433 |011| 5 9 | 656 | 14-3 | 131 | 12-0] 0-64 | 110 | 39 
3:9 5.8 |013] 548 679 | 13-9 | 1°46 | 13'2 | 0°76 1°40 44 
50 | 544 (016| 630 | 672 | 13'9 | 1-60 |147| 0-58 | 1-70 | 49 
6:1 620 (0181 113 665 | 13:9 | 1:74 | 16-1 | 1°00 2-00 5-3 
72 65 (0191 754 658 | 13:9 | 1'89 | 17:5 | 1°12 1:0 57 
8% 132 |021| 839 651 | 13:9 | 2:03 (189 | 125 2:90 6:1 
99 | 8 в |023| 924 | 644 | 1355 | 248 |203| 1:38 | 340 | 6% 
12-0 | 845 |026 | 1012 | 637 | 13-5 | 2:32 | 21-7] 1-5 | 390 | 771 
140 | 925 |030|1 о | 650 | 12-5 | 247 | 23-1] 1-68 | 440 | 7% 
16:0 |10 5 |031 |11 48 624 | 12:5 | 2-61 | 24.5 | 1°79 5:10 81 
183 |1045 |033 | 12 42 | 618 | 12:5 | 2-76 |259| 193 | 6-90 | 8-6 
205 |1130 |035 | 13 36 612 | 112 | 291 | 27:2 | 2-07 6 -80 9-2 
23-0 | 1215 |033 | 14 36 | 607 | 11:2| 3-05 |287| 22 | 7-50 | 9-7 
258 |130 |040 | 15 36 | 62| 11-2] 3-20 | 30-1 | 237 | 8-50 |102 
288 | 13 45 |043 | 16 39 507 | 11-2 | 3:34 |31' | 2:52 9:50 | 10:8 
218 |1430 |0 46 | 17 42 112] 349 |330| 247 | 10-0 |113 
3510 (1515 (04811884 587 | 11-2 | 3°63 5 | 283 | 11:90. |119 
390 |16 5 | 052 582 | 10-0 | 3-78 |36:0| 2-99 | 13-40 | 12°5 
433 |17 0 |055 | 2124 | 578 | 91| 3:92 |37:5| 3-16 | 14-60 1131 
480 |180 |059 | 2242 | 574 | 84| 4-07 |390| 3:33 |1640 | 13:8 
53-0 |19 0 11 312412 | 570 | 8:4 | 4-21 | 40-6 | 3:50 | 18:40 | 14-5 
543 |20 0 11 7|25 42 | 566 | 8-4 | 4:36 | 42-2] 3°68 | 20°50 |154 
638 |21 0 |111 | 2712 | 563 | 8-4 | 451 | 43-8 | 3-86 15-8 
€9:2 |22 0 |114|2848 | 6560 | 8:4[ 4-65 |454| 4-04 16% 
150 | 23 5 |118 | 30 42 558 | 7°7 | 490 |470| 4°22 172 
81:5 | 2410 |123 | 32 42 | 656 | 17| 494 | 48-7 | 4-41 18-0 
88:6 | 25 25 |1 27 | 34 42 | 54| 64) 5:09 |504!) 4°60 18 -8 
960 | 2645 |132 | 37 о | 553| 63| 523 | 52-1 | 4-80 19-6 
104-0 | 2815 |137 | 3924 | 654 | 55| 5°38 | 53-8 | 6 20-6 
1220 | 29 45 [151] 42 0 | 555 | 55| 5:52 | 55-5 | 5-26 21.6 
135-0 | 3145 |159 | 44 48 | 556 | 4:2| 5-67 | 57-2 | 5-46 22-8 
29 |35 0 (311148 0 557 | 2.6 | 5381 |599! 5:70 24:9 
Charge, 2 lbs. R.L.G.? powder. Muzzle velocity, 507 f.s. 
4 30 4 57 486 | 61| 0°58 5:2 
05 | 545 |O 3| 612 | 4&1 | 67| 072 | 656 
18 | 7 0 |010| 730 | 476| 67| 087 | 89 
3% | 815 |017] 854 | 471| 63| 101 | 94 
55 | 935 |024 | 1024 | 466 | 5:8| 1°16 | 10:8 
77 |n o |огјим | 463] 5:6| 131 |122 58 
10'0 |1230 |0 34 | 13 30 458 | 56| 1°46 | 13:5 6:5 
13:5 |14 0 |029 | 1512 | 484] 5:2 | 1°60 |148 72 
15-0 |1535 |043 [17 0 | 450| 52| 1774 | 16-0 79 
17:5 |1710 |046 | 18 54 446 | 52! 1°89 | 1771 87 
200 |1845 |049|21 0 | 442| 50| 2:08 |181 95 
23:0 |2025 |053 | 2312 | 439 | 5:0| 248 |191 
26-0 |22 5 |056 | 25 36 | 437 | 47| 2°32 |201 
292 |2352 |059 | 25 18 | 437 | 2'9 | 247 |211 
33:5 |26 0 |1 4 |31 30 | 438 | 3:3| 2'61 |224 
28% | 2830 |110/3518 | 439 | 2:6| 2°76 |224 
46-0 | 3142 |119 | 39 54 | 440| 1-7] 291 |241 
58% | 3630 |136 | 4624 | 441 | 06) 3:05 |2541 
800 |410 |2 7 | 55 43 442 | 0:6| 3°14 |261 
102-8 | 51 24 |249 | 60 36 443 | 1:8 | 3°05 |268 
11753 | 66 0 |322 | 6426 | 448 | 2-8 | 291 |2741 
1268 | 50 0 |3 50 | 6718 | 453 | 3'7 | 216 |272 
14-5 |6112 |418 | 69 24 | 458 | 4-0 | 2-61 | 27-3 
11% |6318 |446 | 7112 | 463 | 55) 247 | 27°3 
1465 | 64 48 |516 | 72 54 468 | 64!) 2°32 | 214 
1010 |66 8 |5 46 | 7420 413 | 7:3 | 2°18 | 21-4 


Fuse Scale. 
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Ranae TABLE ror 9-рв. В.В... Gon or 6 сут. 


Charge, 1 lb. 2 ох, R.L.G.* 
Projectile, segment or common shell. 
M.V., 1,055 f.s. 


Fuze Scale. 


Bange. Elevation. — — 
Range. Tenths. 
Yards. eg 
100 06 


5ЕЕЗЕЕБЕР 


RANGE TABLE FOR 12-PR. R.B.L. Сом or 8 cwr. 


Charge, 1j lb. R.L.G.? 
Projectile, common or shrapnel shell. 
M.V., 1,289 f.s. 
Fuze Scale. 
Range. Elevation. | Time of Flight. 
Range. Ténths. 
Yards. о г " 
100 0 9 0:28 100 0:6 
200 0 19 0:56 200 1 
800 0 80 0:84 400 2 
400 041 1:13 600 8 
500 0 53 1:43 800 4 
600 1 5 1:72 1,000 5 
700 118 2:01 1,200 6 
800 1 32 2:81 1,400 7 
900 1 46 2:62 1,600 8 
1,000 2 0 2:08 1,760 9 
1,100 2 16 8:25 1,900 10 
1,200 3 30 8:57 2,050 п 
1,800 2 46 8:89 2,200 12 
1,400 8 2 4:21 2,850 13 
1,500 8 18 4:54 2,500 14 
1,600 8 35 4:87 2,650 15 
1,700 8 63 5:21 2,800 16 
1,800 4 12 5:55: 2,950 17 
1,900 4 31 5:90 8,100 18 
2,000 451 6°25 3,230 19 
2,100 5 11 6°61 8,360 20 
2,200 5 32 6:68 3,490 21 
2,300 5 53 7:85 8,620 23 
2,400 6 15 7°73 3,750 23 
2,500 6 38 8:12 8,880 24 
2,600 7 1 8:59 
2,700 7 25 8:93 
2,800 7 50 9:34 
2,900 8 15 9:76 
8,000 841 10:19 
8,100 9 8 10:62 
8,200 9 36 11:06 
8,300 10 4 11°51 
3,400 10 38 11:96 
8,500 1 8 12:43 
3,600 11 33 19:88 
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Rance TABLE FoR 20-рв. R.B.L. Gung оғ 13 AND 15 сут 


Charge, 21b. 8 oz. R.L.G.? 
Projectile, common or segment shell, and solid shot. 
M.V., 1,000 f.s. 
Range. Elevation. | Time of Flight. 
Yards. | o ^ " 
100 0 7 .. 
200 0 20 .. 
300 0 33 1:06 
400 0 47 1:40 
500 14 1:75 
600 122 2:10 
700 141 2:44 
800 21 2:79 
900 221 8:16 
1,050 2 42 8-52 
1,100 3 4 8:88 
1,200 3 26 4:29 
1,300 3 48 . 4:60 
1,400 410 4:98 
1,500 4 32 5:36 
1,600 4 54 5:74 
1,700 516 6:15 
1,800 5 38 6:56 
1,900 61 6:98 
2,000 6 24 7:88 
2,100 6 48 7:80 
2,200 712 8:20 
2,300 7 36 8:62 
2,400 8 1 9:06 
2,500 8 28 9:50 
2,600 8 56 9.93 
2,700 9 25 10-37 
2,800 9 53 10:80 
2,200 10 22 11:26 
8,000 10 51 11:75 
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Rance TABLE FOR 20-РЕ. R.B.L. Сон or 16 сут. 


Yards. 


SESEESSESEES 


= ~ 


1300 


Charge, 2 1b. 8 оз. R.L.G.* 


Projectile, shot or shell. 
M.Y., 1,180 f.s. 
Fuze Scale, 
Elevation. | Time of Flight. 
Range. Tenths, 

о , ” 
011 0:80 .. 15 
0 26 0:60 mm 8 
о 39 0:90 .. 5 
0 53 1:26 .. 6:5 
18 1:60 T 8-5 
183 1:90 .. 10 
1 88 2:25 .. 13 
1 53 2:60 Tm 13:6 
2 9 2:90 .. 15-5 
2 26 8:25 .. 17 `5 
2 44 8:60 .. 19 
з 3 8:95 .. 21 
з 22 4:80 .. 93 
8 41 4:65 .. 25 
4 0 5:00 .. 27 
4 19 5:85 .. 28:5 
4 88 5:70 .. 30-5 
4 57 6:00 T 82:6 
5 16 6:85 .. 84:5 
5 87 6:70 .. 86-5 
5 58 7:10 .. 88 
6 19 7:50 .. 40 
6 40 7:85 
71 8:20 
7 28 8:60 
743 8:95 
8 4 9:80 
8 25 9:70 
84, 10:05 
9 7 10:40 
9 28 10:80 
9 49 11:20 
10 10 11:55 
10 82 11:90 
10 54 12°85 


we 1 


— ма 
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RANGE TABLE ғов 40-рв. R.B.L. Gun or 32 AND 85 сүт. 


Charge, 5 Ib. R.L.G.? 
Projectile, common shell, 40 1b. 
M.V., 1,180 f.s. 


Fuze Scale. 


Range. 
Eənge. Tenths. 
Yards. Қы 
100 010 0:35 4. 0:5 
200 0 21 0:65 аа 1 
300 0 33 0:95 .. 1'5 
400 0 45 1:95 "m 2 
500 0 58 1:55 «$ 2.5 
600 1 12 1:85 «е 8:5 
700 127 2°15 .. 4 
800 1 42 2°45 “. 5 
900 157 2:75 48 5:5 
1,000 2 13 8:06 da 6 
1,100 2 29 3°35 .. 6:5 
1,200 3 46 8:70 ей 7:5 
1,300 8 3 4:00 .. 8 
1,400 3 21 4:30 4. 8:5 
1,500 8 39 4°65 .. 9.5 
1,600 3 57 4:95 .. 10 
1,700 415 5:30 .. 10:5 
1,800 4 33 5:60 .. 11 
1,900 4 Бі 5:95 25 12 
2,000 5 9 6:30 “. 12:5 
2,100 5 27 6:60 .. 18'5 
2,200 5 45 7:00 45 14 
2,300 8 4 7:35 .. 14:5 
3,400 6 24 7:70 «8 15:5 
2,500 6 44 8:05 .. 16 
2.600 7 6 8:45 ЖЕ 17 
2,700 . 7 27 8:80 T 17:5 
2,800 7 49 9:20 oe 18'5 
2,900 8 12 9:60 T 19 
8.000 8 85 10:00 .. 20 
8,100 8 58 10:40 .. 21 
3,200 9 22 10:80 ee 22 
3,300 9 46 y .. 22.5 
3,400 10 10 “. 23 
8,500 10 85 2 24 
3,600 11 00 ай 25 
8,700 11 25 .. 26 
,800 1150 4% 97 
8,200 1216 .. 97:5 
4,000 * 28.5 


(с.о.) | 29 
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Rance TABLE ror 7-1хсн В.В Сом оғ 72 сут, 


Charge, 10 b. B.L.42 
Projectile, common shell. 
M.V., 1,165 f.s. 


Range. ‚ Elevation. | Time of Flight. 


часа ол өл єл ё ёз бө сїз eros. 
558885845888” 
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ГЭ 
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Какве TABLE FOR 7-тнон К.В... Сом оғ 82 сут. 


Charge, 11 lb. B.L.G.? 
Projectile, shot, 68 Ib. 
M.V., f.e. 


Yards. ae 
100 9 7 
200 0 18 
800 0 80 
400 0 42 
500 0 54 
600 16 
700 118 
800 1 82 
900 146 

1,000 8 0 

1,100 2 14 

1,200 2 29 

1,800 2 44 

1,400 2 59 

1,500 8 15 

1,600 3 31 

1,700 3 47 

1,800 4 4 

1,900 4 21 

2,000 4 88 

2,100 4 56 

2,200 6 14 

2,300 5 82 
400 551 

2,500 610 

2,600 6 80 

2,700 6 50 

2,800 7 10 

2,900 7 80 

8,000 7 50 

8,100 810 

3,200 8 80 

8,300 8 51 

3,400 912 

3,500 9 33 

3,600 9 54 


292 
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tanar TABLE FOR 7-імсн К.В». Gon or 82 сут. 


Charge, 11 lb. R.L.G.* 
Projectile, common shell, 90 1b. 
M.V., 1165 f s. 


Range. Elevation. [Time of Flight. |— — 
5 Tenths. 
Yarda, o 9-4 р 
100 0 9 0:26 185 1 
200 0 21 0:56 350 3 
300 0 83 0:86 510 8 
400 0 45 1:16 670 4 
500 0 58 1:46 825 5 
600 111 1:77 975 6 
700 125 2:08 1,130 7 
800 1 40 2°39 1,285 8 
900 1 55 2-71 1,445 9 
1,000 210 8-08 1,600 10 
1,100 2 26 8:34 1,745 11 
1,700 243 8:66 1,895 12 
1,300 8 0 4°00 2,040 13 
1,100 317 4:80 2,190 14 
1,560 8 34 4-61 2,835 15 
1,600 8 52 4:95 2,476 16 
1,700 | 411 5:29 2,620 17 
1,800 | 4 80 5:61 2,765 18 
1,900 | 4 49 5:95 2,905 19 | 
2,000 | 58 6:29 8,045 ` 20 
2,100 | 5 27 6:62 8,180 21 
7,200 5 47 6:97 8,310 22 
2,300 6 7 7:30 y 93 
2,400 6 27 7:65 8,575 24 
2.500 647 7:97 8,705 95 
2,600 | 77 8:81 3,830 26 
2,700 7 27 8:65 8,055 97 
2,800 47 9:00 4,075 . 28 
2,900 87 9-36 
3,000 8 27 9°71 
8,100 8 47 10:06 
3,260 97 0'42 
3,300 9 27 қ 
3,400 9 47 * 
3,500 10 7 
3.660 10 27 


455 
Rance TABLE FOR 12-em. B.L, бох. 1 
Based on Practice of 2. to 24. 10. 84.; 24. 8. 85.; 4. 5, 85.; F 
26. and 28. 5. 85. 4 
295 Carriage, Field, Armstrong, 
Charge, 4. S, P. ; gravimetric density, 709% | Jump, 22 minutes, 
У'гојес е, Weight 121 Ib. Muzzle velocity, 1710 f.s. 
т ч > 
~ = 
Fuze Scale, F ЕЕ а 
3 = > š = š d 
4 8 5 52 | 348 
> 
š |i > | 35 |5 
С; 4 41 | SES 
Е H ы = р 1 > 
3 E x E P E Е 85 |: EE 
H = | š |Е 5|Е | | Е | as | ees 
ы ә < а | о = | 
жн, ° ! | seconds | ao taj fa. | yards. | yards, 
100 | 017%! 0:18 ов | 1664 74 0.14 
200 | 011” | 0-37 11:27 012 1619 71 0:29 
300 | 0 5*| 0-56 1551 | 019 | 1574 | 69 0-43 
400 | 03 0:76 2:0: 026 |1520 67 0:08 
500 | 0 9 | 0-96 2:5 | 035 | 1468 | 66 0772 
600 | 017 | 1:17 3:08 | 04+ | 1446 | 6 0-37 
700 | 025 1:38 3-62 0 54 1406 62 1:01 
800 | 033 1-60 417 1 ^ | 1267 61 1°16 
900 | 0 42 1:83 4172 116 | 1329 59 1:31 
1000 | 051 | 2:07 528 | 128 |1293] 5 1:45 
1100 | 1 1 | 2-31 6°86 | 134 | 1259 | № 1-50 / 
1200 | 111 | 2:56 | 055 | 642 | 154 | 1226 | М 1274 
1300 | 121 | 2'82 | өле | 7:00 | 28 | 11%] м 1:30 Ял 
1400 | 131 | 3-08 | 1:02 | 7:50 | 223 | 1167 | 49 2-03 
1500 | 142 | 3°35 | 1-15 | наа | 238 | 1139 | 47 2:15 3 
1600 | 152 4°62 1528 8:7 2 гч 1113 4h 2:32 
1100 | 2 3 | 3°90 | 1°41 | 9:32 | 311 [100 |. 44 241 
1500 | 214 | 4-18 | 1°54 | 9-95 | 379 | 1069 | 42 2.61 
1900 | 226 | 4°87 | 146 | 10:59 | 347 |108| 4 2°76 
2000 | 2 38 4:76 179 | 11-24 46 1028 40 2:91 
2100 | 250 8:06 1:02 | 11°90 42^ | 1010 a9 3°05 
2200 | 3 3 | 598 | 2-05 (12:56 | 445 | 993 | 35 3-20 
2300 | 316 5°66 2:19 | 13°23 5 U 977 a7 37M 
2400 | 329 5:97 2:34 | 13°91 5 27 962 36 3:49 
2500 | 342 | 628 | 248 | 14-61 | 550 | 947] 35 3°63 
2600 | 355 | 6-59 | 2-64 | 15:32 | 614 | оз! 34 3°74 
2700 | 4 9 | 690 | 241 |164: | 639 | 90) 33 3:02 : 
2800 | 423 7°22 2:94 |1677 7 3 917 за 407 
2900 | 437 ты 3*5 |179 729 905 82 4°21 
000 | 451 | 7'86 | 3:31 7% 894 | 32 4°36 
2100 | 5 6 | 8419 | 348 821 | 853 | а 451 
3200 | 5 22 8-52 3°65 8 48 872 31 4763 
3300 | 539 | 885 | 3-53 916 | 501 | 29 480 
8400 | 556 | 9-19 | 4:01 846 | 851| 2 404 
3500 | 612 9:03 4:19 10 16 841 2ч 120% 
3600 | 629 9°87 4°37 10 46 531 27 5724 27 232 154 
3700 | 6 46 | 10°20 455 11 17 ЕЗІ 27 бан 28 2°96 | 538 
3800 | 7 4 |10:60 | 4-74 1149 | 830120 9702 18 3:08 |69 
3900 | 722 | 110 4°93 12 22 801 26 b'67 29 3723 |64 
4000 | 741 | 140 13 55 192 2! A'EI 29 3'33 | 65 
4100 | 8 0 | 11°80 14 31 783 25 hood 30 3: 7*2 
4200 | 819 | 12°20 14 7 114 24 51 80 370 |154 
4300 | 840 | 12°60 14 44 765 2. 25 20 87 |8%2 
4400 9 0 |130 1522 | 76] 93 6-40 30 4:05 | 8*6 
4500 | 921 |1340 15 59 747 23 ом 81 4°20 |94 
4600 | 942 | 13:80 1640 | 738| 22 oun 
4700 | 10 3 | 14°20 17 20 729 2 G'S) 
4500 | 10 25 | 14°60 lB 1 721 21 6798 
4900 | 10 48 |1510 18 42 713 20 T'i 
5000 | 11 11 | 15-80 19 23 | 75| 20 74% 
5100 | 1134 | 16*0 ?0 4 697 20 7°42 
5200 | 11 57 16:40 20 46 689 19 1226 
6300 | 1222 | 16-90 2120 | 681 19 TUI 
5400 | 12 49 |1740 22 16 673 19 7 85 
5500 | 13 14 | 17:80 ?3 3 665 18 800 
5600 | 13 40 | 18:30 23 55 657 18 871% 
5700 | 14 7 | 18-80 2444 | 649| 18 8-29 š 
5800 | 14 35 | 19°20 24 36 642 17 543 
5900 | 15 2 | 19°70 26 30 635 17 қ 
6000 | 15 30 | 20°20 27 25 628 17 8:78 
* Depression. Owing to the large jump, depression will have to be given up to 400 упгде range, | 


Digitized by Google | 
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Ranas TABLE ғов 4-1мон B.L. Сом оғ 13 сит. 


Based on Practice of 4. and 9. 5. 81., 12. to 28. 7. 81., and 9. 6. 84. 


Charge, 8} lb. B.L.G.* 
Projectile, 25 lbs. 


, Vavaseour. 


Jump, 6 minutes. 


Twist of rifting, increasing to 1 turn іп 35 calibres. 
Muszle velocity, 1180 f.s. 


“ету 008910000 
eu шаром 
—'әгеов әзіл 


эти jo өш, Брока орта 


эч3рн 


чот 


8282588:88 88:82858888988 


о еч өнд өм ег @4 03:04 ӨЗ 030890 ж 
позва ЕВВЕ РЕТРО 
: Ббээ»эсасосөнесеөөгөө  Өплпиаз залаа єє хааяа 


48582:8888833888 83858583  зөттэтөєгт 


мооо oocoooooooo 


/8%%7820882829:28982%895528208889929209%525 


oooc OO OOOO OOS OOOO SOOM eene 


поррооФРетит Е 


эоэосоооооеФе-оеттеттосФ 
32:2222222222оо:о2ооаоово 


— 
=ч 


>осстеоттееес-етоттсототезоФОТтФООФОФФФФ 
ғ са сз сз га 


— oa d0Dr-r-0000600099 9*9 юю юю aan сол 


Язпесзздавивяхлаая 


~ 289528352822 ЕЕ БЕРИ 
° Зөвөөглөлөөсөцөөчөөсөөөсвтз өсөөө Өөлөиелзлөоолцолааа ааа аааасцаа 
E -829225232893289"25322322232:23529^8224^82888923 225959 8387 
o COCO Ort воз са сг өө өз өө чө чөө 000000-M-2020099 2222882223322 2zzzz228 


част | 48888888822884888882888 8828 82 813454844434344333:8313 


c өше — АЈ 
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Rance TABLE rog 6-pr. Horcukiss Quick-Finixo. B.L, бох. 
Based on Practice of 22, to 24, 10, 83., 10, and 13. 4. 85., and 9, 7, 85. 


Charge, 1 Ib, 15} oz, С° (Sevan Livry), 
Gravimetric density, a. 

Projectile, weight 6 Ib. 

Muzzle velocity, 1818 f.s. 


Mounting, cone. 
Jump, 4 minutes negative. 


44 ç 3 20 per cent, of 
234 = Ë Rounds should fall 
8 |2:8| 3 | Е 
5 |548 > š ІШЕ 
8 58 $ ғ |5 5 
3 = ES А hee | Ag на 3 
э = |343 E E аа 2) 
+ 8 |522 = 8 8 2 2 5 
3 m & š д М а = = 


yds. m ву lin | yds. 1.5, ins, | yds, | уз. | feet. | secs, 
0 1515 410 

100 | 0 9 об 687 1146 1762 45 | 34 | 01| 02 
200 | 014 011 312 521 1709 | 493 33 | OL] 04 
300 | 020 0814 191 ЗІН 1655 4% 2 | o2] 0% 
300 | 02 02 138 239 1604 4:0 2 | 03| 07 
500 | 032 0 32 107 179 1552 3-9 | 3 os| 09 
600 | 03s 0 40 86 143 1503 38 | а 04| 11 
700 | 04 0 49 70 117 1454 a6 | 30 | 05| 14 
коо | 05 0 53 ЭЭ 99 1407 à | 30 | 05| 16| 
900 10 18 51 м 1352 a4 зо | 06| 1 
1000 18 119 44 72 13198 | а» 29 0:6 | 20 
160 | 117 131 as 63 | 21 2 | OF] 23 
1200 | 128 1 43 33 35 1240 ao | 20 | 07| 2% 
1300 1 35 1:6 29 49 1203 | 2% 29 0%| 89. 
1400 | 145 211 ж 44 1168 28 | 28 | 09| 33 
1500 | 155 227 23 39 | 1136 "зт | 28 1'0 | 37 
1600 | 2 5 244 21 35 1105 27 | 28 11| 44 
1700 | 216 3..9 19 31 1075 28 | 8 12] 45 
1500 | 227 321 17 uk 1020 40 | 28 а | бо 
1900 | 238 $41 16 E 1040 25 | 2 14| 5.5 
2000 | 250 4 2 l4 34 1012 4 | 28 1-5 | 60 
2100 | 3 2 424 | 1 LE pan E 17 | 09 
2200 3 14 446 | 12 20 979 28 їн 71 
2300 | 3 27 59 | A 18 e 19| 77 
2 3 40 5 33 10 7 m9 29 | 31| 8*8 
2500 | 353 557 9-6 16 эхо 2) | 2:2| 99 
2600 | 4 6 6 22 9-0 16 2 29 | 24| 9" 
2100 | 420 6 47 8-4 14 907 2:3 | 30 | 2%] M 
2800 | 434 | 713 79 13 «0 71 30 | 2710 
2900 | 448 740 74 12 Hal 9:1 30 94| 12 . 
3000 | 5 2 47 1:0 2 #63 20 | a0 | ад 13 
3100 | 517 8 35 6.6 и вэ vO | 81 32] 14 
3200 | 532 9 5 6:3 10 к. 20 | 31 | 33 | 15 
3300 | 548 937 59 16 нїз 19 | 31 3% | 16 
3400 | 6 4 | юп 90 9 21 | 19 | 31 3-7 | 17 
3500 | 621 10 47 а b 810 19 | 2: | 39) 1s 
3600 | 639 | 1126 49 в | wo | та | 22 ferj 
3700 | 657 | 12 7 46 в 158 1-8 | 42 4417 
3300 716 1250 | 44 7 111 plu | 32 | 44,7% 
3900 | 736 13 34 41 7 6! 17 | 53 | 48 + 
4000 | 757 13:19 8-9 7 15 17 buo 
4100 | 810 15 6 | 37 б 140 17 

4200 | 8И 15 54 35 n 726 17 

4300 | 9 4 18 42 3-3 6 TH 140 

4400 | 925 ти 3:2 5 117 1:6 

3500 | 053 ад " 39 9 708 1.6 


i 
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RAXGE TABLE ron 4-ім. B.L. Сом оғ 22 cwr., Manx I. 
(Revisev 11. 85.) 
Based on Practice of 1. 1. 88.; 17. 1. 83.; 9. 6. 84.; 80. 7. 84. 


Sep dt Ib. — * — density, "ова 
ile, weight 

Мше velocity, 1790 f.s. 

Mounting, Vavasseur broadside. 

Jump, 6 minutes. 


— eÓ— E Bre⸗au 


Mark 11 gun at similar elevations, 
> и 
28 
š š 


33333 


3100 442 


= 
~ 
~ 
5 
з 
There is not sufficient data for a precise estimate of the accuracy. It may, however, 
о 
в 
~ 
% 


43333583 
3 
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Rance TABLE rog 4-1, B.L. Сом or 22 cwr., Marx I.—continued. 


50 per cent, of 
rounds ввоша fail 
within 


high, Range must be 

гаје for 

medium 

time and concussion 
on 

83. (with 

of 


known within 


Armstrong 


i 
- 
2 
* 
= 
< 


Slope of Descent. 


To hit an object 10 feet 


Time of Flight. 


Elevation, 


уда. . у је "| лін | yas. f.s. | yds. | уда, | уйл, | secs, 

650 1108 52| 9 820 = 10-8 
4100 116 | 1122 5-0 - 817 s 112 
400 | 733 | l1 51 48| 8 808 £ 11% 
4300 750 |1221 4% 8 799 š 1:9 
440 | 8 8 |1251 44| 7 790 { 12-3 
4500 | 826 | 13 22 42| 7 782 Е 12-6 
4600 | 8 44 | 13 58 49| 7 та 4 12-0 
4100 | 9 2 | 1425 39| 6 7 % 134 
4800 | 921 | 1457 21| 8 759 ы 13:8 
490 | 940 |152 35| 6 750 Е 142 
500 |10 o [16 2 33| 6 742 | 55 146 
5100 |1020 | 16 35 34 6 734 253 18% 
5200 (1040 |17 9 gael 5 726 8 154 
500 |11 1 | 1743 241 5 718 = Š 15:8 
моо |1122 | 1 18 ao] 5 710 ааа 16% 
6500 | па за | 1853 2 5 тоз 83 | 16% 
500 |12 4 | 19 29 281 b 596 | ЕЗ 17% 
s0 |1226 |20 6 21| 5 ёю || 121 174 
5800 | 1248 | 20 44 °6 4 ost 85 174 
5900 | 13 10 |2123 2% 4 674 | м/ч 18:2 
6000 |1222 |213 2% 4 066 2 я | 19-7 
6100 |1355 |2244 2. 4 659 z £ | 1941 
6200 |1418 | 23 26 23| 4 651 $ 5 || 19% 
6300 114141 (24 9 2:2 4 644 ç š 19:9 
6400 |15 5 | 24 54 22| 4 637 ES | 20-4 
6500 | 1529 |2540 21) 3 630 M 20:9 
6000 1554 |227 so} 3 623 ја | 21-3 
6700 1619 |2710 1-9 3 616 š | 21:8 
6400 1646 (28 б 1:9 5 609 | Ë | 222 
6900 | 17 13 | 28 58 1-8 3 602 | 8 2277 
700 |1741 | 2912 19| 3 590 a 232 
7100 |1 9 |3049 17| 3 590 | = | 236 
7200 | 1838 | 31 49 tej 3 EI < 944 
7300 19 в | 32 50 15 3 78 | Е 74% 
7400 |1939 |33 55 15 | 2 өз |) Е 250 
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Какве TABLE FOR 4-імсн B.L. Guns, Мавкв Il. anp III. 


То supersede Range Table dated 9. 8. 82. 


Based on Practice of 17. 5. 83., 7. 3. 84., 21. and 23. 4. 84. 


š 2»292n29229252599292922.25227$2 


Ooooonnaaananaaeocoon(ttTooocoóobon оос 9 ° % O Š Š H 


1255:5888813888885858883588585п888ё8885 528488 


SOOO OO OO O O OO сос сс OQ m rm rm ri rm ri — n г 0321 03 OQ 03 Сї со со С2-% Т a a Ф 


BSSASSRASSSRIFSSSSSRESSSSSSAARASSSFSSSERZESE 


ЭООСОООСООООСОСОООСОСОССОСОСОСС O O O mmm mm m em m m m m ед í mm = mmo 


€ cR E i070 ыы мс Бл ҰЗ а ҰО ROLE NOL CS MI. нар ФАН Љу ње ин Бы ХЭ іа х% ak ig EUR а 7 


ARSRESAASSASNANARASRASESSSRARSRSSSESNSANSASSRSO 


* 
= 
— oq итш o3uvy (194 SESREASSASSRISSIISSSRARARRAAR AA AARAR ARR ASSO 
28 399; 01 зээ|до we 34 од, тээ ян 
Мм ~ . mamm æ on —— HÁ 
2.83 а fe к-с @> vo ү © ээ са G> çZ те 
.“ + en о ed. С . em > > 
Se sp a c ЕЕК а 
383 е? ate 
хр — 
5 ж 
$ “Зо . . 8: х, 328 м 3832 SASSSSASSESIS 2292599298 
132 грозд Эзиз) 32858К582353 8 88 34:88 85 эт 558 83488:88588228 
2858 . ғ“ ғғ í ғ ғ емі еч г үч г í т í гі е ғ Ғе езі г егі и үч — 
ынд» Е 
— — ` 28359055595 05843 59853588 859л8 5 а са 21584532 88 
о ооОоооос«о«ошогчягчтчгігі03030301 са 02 09 Со ЧА «B 8 о: CO CO tO t< t< t= 00000 ее 


e 
e 
o 
м - 
лопта | | 792288293%22%9Л2553205л4222954%27389294529 
ө @ ° Ə ° ° ° ° Ə ° O = = ч mH — +4 +4 са 0% 03 03 са са СО 02 со e 8 8 io о о ао CO 
3 


н|188848888888888888328888888888888888883 


ті езі еч гә езі гчі = со со со со 
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RANGE TABLE ror 4лхсн B.L. Gons, Manxs ПІ, ann ІП,-- 
continued, 


| ' 53 | 
4 #2 ; | 
š a |28 60 ould fall within ^ | 
2 i Ë z: E Е 
^ E 23 EROR Š | 
= 828 8 = 4 ч 33 
132121115318 
ñ | E | A я e | 


ка 
" o 
B. 

о 
: Se 
- 


yards.| ° ’ in | yards. | yards, | yards. | yards.) secs, 
4300 7 8 4:9 8 |330 | 2:16 | 6:72 | 11:60 
4400 | 794,120 810 4'7 8 | 34:0 | 9:25 | 7:86 11:98 
4500 | 7 41 12 31 | 801 4-5 8 |35:0| 2:35 | 7:88 19:36 
4600 | 7 58 |13 9) 792 43 7 |86:0| 2:47 | 8:42 |12:74 
4700 | 8 16 (13 34 783 41 7 |387: | 2:59 | 9:00 (13:13 
4800 | 8 34 114 6 | 775 +:0 7 |38'0 | 2:72 | 9°64 13:52 
4900 | 8 58 |14 39 | 768 | 3:8 6 | 39-0 | 2°86 10:21 19:91 
5000 | 9 12 |15 13 | 758 37 6 | 40:0 | 3:0 [11-0 |1143 
5100 | 9 31 |15 48 750 3:5 6 1477 
5200 | 9 51 |16 24 742 3-4 G 151 
5300 10 11 |17 0 734 | 373 5 115:5 
5400 10 31 |1797 728) 31 5 |15:9 
5500 10 51 |18 14| 718 3.0 5 | 16:3 
5600 11 12 |18 54 710 2:9 5 16:9 
5700 |11 33 |19 34 | 703 28| 65 171 
5800 |11 54 |20 15 | 695 2:7 5 1775 
5900 12 15 |20 57 | 633 2-6 4 18:0 
6000 12 36 |21 39 | 630 | 2-5 4 18:4 
6100 12 57 |22 22 673| 24 4 18-9 
6200 13 19 |23 5 665 2:3| 4 19:3 
6300 13 49 |9340 658| 23 4 19:8 
6400 14 5 |24 33, 650 | 222 4 | 30:8 
6500 14 28 |25 18 643 2:1 4 | 20-8 
6600 114 53 |26 4 636 2:0 3 | 21'3 
6700 15 16 |9620 629 2-0 3 21:8 
6800 15 41 |27 37 621 1:9 3 | әзі 
6900 15 6 |9896 614 1:8 3 | 22-0 
7000 |16 32 |29 16 | 607| 18| з | 23:5 
7100 16 59 |30 7! 600 17 3 24:0 
7200 17 97 |8058  $94| 17 3 24:6 
7300 |17 55 |31 50. 587 1:6 3 25:1 
7400 18 93 |32 43 581 1:6 8 25-6 
1500 18 52 |33 36 574 1:5 3 ә 26-2 
7600 |19 22 |34 30 | 568 1:5 2 

7700 |19 52 |35 24 | 562 14 2 


* Muzzle velocity with 12 Ib. P, has been found to vary from 1980 to 1820 fs, according to the 
brand of powder, but with P. powder selected for B.L, guns the muzzle velocity should not vary more 


than 20 #.в. from 1000 f.s. An increase of 100 f.s. in velocity increases the range at ordinary ranges 
abont 7 per cent, 
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‚ 8 1b. S.P., brand No. 824. 


Based on Practice of 93. 8. 83. 
Projectile, weight 50 lb. 
Muzzle velocity, 1200 f.s. 


Jump, 6 minutes. 


Rance TABLE FOR 5-mocn B.L. Сок. 


BESSRESESLSTSRELSISSERISE 


© O O ч r c ч == са са са 031 ооо «RP 


8Е8880225%8222928%1282802888г89225284988682 


Ө” A9 d. "aco йы АНДАҒЫ о NS og. ЭН: Jü В о УА жс Өк асе Mo сай қад ойы ы ды 


*amypeut 
Заоцаишлү--0(808 9204 


348 пя ю әш, 


e° ° >° ° Ə Ə Ə ° °Ə °Ə °Ə ° °Ə Ə ° Ə Ə Or m rm m m гә езі гә гч еч гі + гә „4 са оз 03010101 


š НЕЕ 
i SAAATSSIRSSLSSSASISESSASSLSASSZALSARSI 
3 


CHP RPFOMOROSOHGAAROAOOAGOOVAH INS + Ə Q @ O q uo Q то 


ж 
v езі е тті ы шо ~ ~ 00 0000 © O — <= 10 ~ 
* COT S roe a ES ETE Ed eS EL яа аас аа Rane 


та AES и Жок Wo Жол. QU М а DR C" аре 978516. 428,740 ES, «вста в аста. и 


328992:555%828228%55552829223558592255829% 
> 


— MI cde гэсс OC IEE, RIES SEE а а је вели а. өле Г Sk лг pr sS, urku А uk aq Ж 
% аео ee т ео анаара Б Ен 5599933 
Ë 99 Со 09 Со 02 Со 69 оз СО 09 со СО со 05 02 с 02 02 09 09 со СО 02 са Ñ СЧ Ñ NANA Ñ Ñ сч Ñ сч Ñ сч сч 


% MAH ~ г Lc] m с = са "о Ф t— са "ос Мз 00 ~ 8 ~ O = ER 
3 93352S8888228FS388822225SSS8223222828EEEE 
` RSÍ^u89 ARI 249282989 8259 "RSS 
o ОС =— = m 4 04 GQ са са 00 02 09 09 P "Т iSi м2 CO ÇO CO t= pr 000000 С С 


тиып |“ 938927429728 9535952812222983922 
o Q O O O m rm c rm сч са 01 са са со со сэ сз «f Ñ u) i$ о кю Ф CO tO CO ~ 
— | 18 


ЕЕ ЕЕ 
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Rance TABLE For 5-іхсн B.L. Guns, Margs I. Амь II. 
То supersede Range Table dated 12. 2. 84. 


Based on Practice of 10. 7. 83., 28. 8. 83., 9. 10. 83., 31. 1. 84., 
22. 2. 84., 19. 3. 84. 
Charge, 16 Ib. S.P. 
Projectile, weight 50 Ib. 
Mounting, Vavasseur. Jump, 3 minutes negative. 


Final twist of rifling { Mark е. gun, 1 turn E calibres. 
Muzzle velocity Merk E: gun, 10 fs. 
” 5 ” " 


$5 
Ј os 50 per cent. of ro 
3 3 4 128 should fail within Н 
214 | |-__- iin 
s | š | 5111 
= Е S |. i ЕЈ 
š 5 5 3 = Ч Е a а E - 13 
8 353 қ 8 
11113 BON iii Hi 
8 5 4 * ё ë 3 
таған 9*6. k im бф lin | yards. | yards. | yards. | yards.| secs. finches. 
100 |0 810 61 1763 | 515 858 | 22:0 | 0:08 | 0:03 | 0:19 
200 | 018 | 0 12 | 1727 | 286 429 21'8 | 0:06 | 0:07 | 0:38 
300 | 0 18 | 017 | 1691 | 202 333 | 217 | 0:10 | 0:11 | 0°57 
400 | 0 23 | 023 | 1656 | 149 232 | 21:6 | 0°13 | 0:15 | 0:76 
500 | 0 29 | O 29 | 1621 | 118 198 |21'4 | 0°16 | 0:19 | 0:95 
600 | 0 34 | 0 35 | 1587 | 98 164 |21: | 0:20 | 0:23 | 1:15 
700 | 040! 042 | 1554 | 82 130 | 21:2 | 0:28 | 0°28 | 1:35 
800 | 0 46 | 050 | 1521 69 115 | 2171 | 0:27 | 0:82 | 1:56 
900 | 0 53 | 0 58 | 1488 59 99 |21:0 | 0:30 | 0:36 | 1:77 
1000 | 059 | 1 7 |1456 | 51 86 |2170 | 0:34 | 0:41 | 1:98 
1100 |1 6! 116 | 1425 45 75 21:0 | 0:37 | 0:46 | 2:19 
1200 | 1 12 | 125 | 1394 40 67 | 21°0 | 0-41 | 0:51 | 2:40 
1300 | 1 19 | 1 85 | 1364 | 36 60 | 21'0 | 0:45 | 0:57 | 2:62 | 0:50 
1400 | 1 26 | 1 45 | 1336 33 55" | 21:0 | 0*49 | 0:64 | 2:83 | 0-80 
1500 | 1 34 | 156 | 1306 | 30 50 | 21:0 | 0:52 | 0:71 | 3:05 | 1:06 
1600 | 1 42 | 2 7| 1978 | 27 45 |21'0 | 0-56 | 0-78 | 3:28 | 1-21 
1700 | 1 60 | 2 19 | 1252 | 25 41 |21'0 | 0-60 | 0°86 | 3:51 | 1:36 
1800 | 1 58 | 2 32 | 1226 | 23 37 | 21-0 | 0:64 | 0:93 | 3:74 | 1-50 
1900 | 3 7 | 245 | 1202 | 21 34 | 21:0 | 0:68 | 1'01 | 3:97 | 1:65 
2000 | 2 16 | 2 58 | 1179 | 19 32 | 21:1 | 0:72 | 1:09 | 4-21 | 1:80 
2100 | 2 25 | 3 12 | 1159 13 80 | 21:2 10776 | 1°18 | 4:45 | 1:95 
2200 | 2 34 | 3 26 | 1136 17 28 21:3 | 0:81 | 1:27 | 4-70 | 2:10 
2300 | 2 43 | 3 40 | 1116 16 26 | 21:4 | 0:85 | 1:37 | 4°95 | 2-25 
2400 | 2 52 | 3 55 | 1097 | 15 24 |21:5 | 0:90 | 1'47 | 5:21 | 2-40 
2500 |3 21 4 10 | 1079 | 14 23 | 21:7 | 0:95 | 1°58 | 5:47 | 2-55 
2600 | 3 11 | 4 25 | 1062 18. | 21 21:9 | 1:02 | 1:70 | 5:74 | 2:70 
2700 | 3 21 | 440, 1046 | 12 | 20 |22:2] 1:05] 1:82 | 6:01 | 9:85 
2300 | 3 31 | 4 56 | 1032 12 | 19 | 22°5 |110 | 1:95 | 6:28 | 3:00 
2900 | 3 41 | 5 12 | 1019 11 18 22'9 | 1°15 | 1°09 | 6°55 | 3:15 
3000; 3 52 | 5 28 | 1007 | 10 17 | 23-3 | 1:20 | 9:24 | 6:83 | 3:30 
8100 | 4 354 996 10 17 23:7 | 1:25 | 2-40 | 7-11 | 3:45 
3200 | 414 | 6 1| 985 "5 16 | 2472 | 1°31 | 2:58 | 7°39 | 3:61 
3300 | 4 25 | 6 18 | 975 9.0 15 24:7 | 1°36 | 2:77 | 7-67 | 8-7 
3400 | 436, 6 36 | 964| 86| 14 | 25:2 | 1542 | 2:97 | 7-96] 3-92 
3500 |4 18 | 6 54| 954, 83| 14 | 25.8 |148 | 3:15 | 8:25 | 4-08 
3600 | 5 0 | 713] м: 79 13 | 26-4] 1°54 | 3-40 | 8:65 | 4:25 
3700 | 5 12 | 7 33 934 75 18 27:0 | 1:60 | 3°64] 8:85 | 4-42 
8800 | 5 24 | 7 58 924 | 772 19 27:7 | 1°67 | 3°89 | 9-15 | 4-60 
3900 | 5 37 | 814 914 6-9 12 28.4 | 1°73 | 4°15 | 9:46 | 4:77 
4000 | 5 50 | 885 905 6:6 11 29:1 | 1:80 | 4°42 | 9:77 | 4:94 
4100 | 6 3| 856| 895 6:3 11 29:8 | 1°88 | 4°70 1011 
4200 | 6 16 | 918 886 6:1 10 | 30:5 | 1:96 | 5:0 10% 
4300 | 6291 Э 40 | 877 5:8 10 | 31:9 | 2:04 | 5:32 10-7 
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RANGE TABLE ror 5-гчсн B.L. Guxs, Manxs I. AND II—¿ontinued. 


зпаанааааадлтзЗааааацдлдалзааааааааааааааааааа 


= Jul 
eor. 


м ~ 
о о 


s C ç o O r O 


ови | % 2382298 


м слоя 
“qaq 


Полсона Ж S ia ы и 


309} 01 Pafqo из 3901] S 


соме jo odo; 
” ама "ч м2 ма м2 Юч ЧЧ ODO 05 00 02 СО СО сэ 02 СЧ СЧ ба 24 ба QQ са Ñ СЧ са са са СЧ са СЧ СЧ Q нч ег үч — 


S888888832253883 
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Rance TABLE ror 6-тусн D.L. 80-рв, Gun. 
Based on Practice of 4, 5. 80., 21, 4, 81., 26, 9, 81, 


Charge, 34 Р. 


Gravimetric density, ns 


*814* 


Projectile, weight 80 Ib. 

Muzzle velocity, 1880 f.s.* 
Mounting, Armstrong, broadside. 
Jump, 3 minutes. 


ТЕ 42 ыт 
! 25 ) R32 sO per cont, of £8 
28 = Жак Poids showa fall гу 
: = 5 Eh within = 
| c ` Ë | = = о 
в - ~ Ве = ~. 5.3 Е Е 
= = зэ 5 > 97 E - 
š ғ 585 2 ЕЗ: = Ба 
p === A ар E | m 
‘ a х == Ч ae = 21 94 
Е ы ~ g% g 8 RES z : гы ЕЕ 
: 5 5 - зк E rigig = 8 88 
& £ | 4 = 238 E — З E 2 23 5 
Е £ z B с=з! д (25614 3179 а |т 59 
8 а 5 5 & Б z і ë | = £ |і 
—— s. —— — 
yila ° 7 » 4 lin yds, 18, yds. yds. | yds. | feet | sees, 
1--0 10 
100 4 6 бим 1146 1540 10:11 20 071 | Of) 046 
200 0 5 010 вн 914 1814 1071 2% 01 | 0:2 | 0n 
$00 | 010 | 0 16 215 160 1757 | 100 | vá | 04! 0-3! 040 
400 016 | 023 142 249 1757 п 26 09! 0*1 0-60 
мо | 021 6% эз | 208 1727 9s | 25 | 0'2| O6! 0583 
600 0 26 0% 101 109 1005 "4 27 о“ 07 1% 
7 032 | 040 из 1665 Neth | — os) 00! 198 
800 | 027 047 73 ша 1640 94 #5 | 051 19 ГЭМ 
900 0 43 [ШЕ] 6 106 1612 8 “1 0:4 | 11 114 
1000 | 048 11 tá “4 Visa ч; | % | 04| r3] 173 
1100 | ом 19 ти PI] КҮ) "4 24 0% | 141 1:92 
| 
1200 | 1 0 | 117 45 21 | 177) 89 m | ол | raj эп | 640 
1300 | 161155 0 | 0 1502 не | a | osf 1971 UM 0%1 
1400 | 1n 133 Ат в: па | a E 0-6 | 170 | 2434 0%! 
| 
15 119 142 ЕТ AG 1419 79 | 94 OG | 21 2'72 1:00 
1600 125 151 3J n2 14923 77 24 Or] 24 2:03 117 
1700 113 | 2:1 28 47 189 TO | ~ | OF] 85 3H 1:35 
1s00 1 40 211 24 41 1171 74 24 0:4 21 448 1-40 
1900 1 47 2 9l 2 1 pun TW 34 0-3 Z4 aT 1:65 
2 114 | 2% °з ds 1355 | 15 D 09| 31 37 ізі 
Ч 2234 e| m | 1102 | то | оў) OM} 44% 44011146 
2200 | 210 | 254 20 | 8 1:30 | ЫГ 2) 19| SG) 4534 | 2411 
2300 218 3 6 | jim | ов | % 1:0 | ам | 447 бэр 
740 | 226 | 518 17 20-| mus | по | 2 | 14 24) 
3500 23 3 30 16 "7 1215 65 | 23 pu За 
2000 243 544 15 ші 1m 6:1 wh С. 9-74 
2100 252 | 356 15 24 1150 em |23|1ї4 азан 
340031130 i | а | ime | on | s | 33 xa 
2000 310 | 425 3 | St | аме | 00] 25 | 14 з: 
3000 зи 141 12 20 ил 5 | 1% 3:32 
13160 329 ) АТ 12 19 1110 fies | 25 115 34 
3300 939 | 514 n Is ин ! 57 26 16 2 4l 
| 
asco 349 | раз 10 ІТ Юта | Sa | 2 17] Te) TOI T 
3400 | 4 0 | ABO | 9% 16 103 nu | 26 te] SA 799 | зэ 
3500 411 6 9 9.3 19 1062 ies 20 1-8 | 8° | 7%ч 4705 
3000 422 за | 83 5 | ой 8% | 26 | 19| 90| 2:87 | 440 
3700 — 438 | сло | 83 1 | 105 а | 47 | 20| 95] нав | 4-30 
3500 | 444 | ТИ | 79 ја |101) 58 | 9 | 24/10 Ban | 470 
3000 455 | 732 | те 13 | поп | 341 27 | 22110 вер | әзі 
4000 п в ШЕП 422 (2 1002 | hel 24 2° 13) 9-06 4779 
4100 ^ 20 815 on n "4 | 2 us 2-4 | 12 ang 4:94 
О 1 
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Rance TABLE For 6-1ncu B.L. 80-pr. Gun—continued. 


| $3 | _ |85Е| форегсеті. of Е : 
5з ~ Жек | rounds should fall š 
ы ç 23 13 Te within 
= = = Ë в š " 3 : 8 
Е S 8.5 iC] —————| 3s 4 
H 584) > |3. | š |18 
ç А 8 oar) ~ 865 2 Ч 
5 5 | 5 Se) 2 |453 4s š 
z 4 | r ма wok | = es | £ | = 5 
Е 5 x 288 «ЗЕ 31151411 
2 | 2 gase | 5 ==51 5 © Ë = 
ы = т = = = - = я - 
— 5 | 
уде кај е, tin | yds f.s yds, | уче. уфа, | feet | secs. 
4200. | 532 | 638 | 66 | 11 | за $2 | 28 | 2:4 | 13 9-66 
430 | 544 | 9 t 68 lu 975 50 | "9 | 25114 9-96 
4400 | 557 | 921 | GO а | 067 49 |29  280|14 10-3 
4500 | 610 | 98481-58 | 10 970 +a | м 27115 |105 
4600 | 624 1012 | D'R о | өм а | № | 238115 1079 
4700 6 33 10 36 5-3 | Ч fas 4:5 8 2'9 | 17 112 
4&0 | 652 |I r| ot | n о 47 | 3 | з1)1 [11% 
4900 | 7 7 | M» 26 4” 8 921 47 $3 | 32119 | 118 
6000 | 721 им 4 8 915 $6 | 32 24/90 1122 
| 
5100 | 736 |1217 |456 | ñ an 46 | 12% 
5200 ты чча | 44 7 303 4:5 | 12-8 
0300 | 85 |I 9 44 7 | 6 | 45 | | 131 
бию | 820 (1348 | 41 7 я | 45 13:5 
бо | 835 | 14 | 4.0 7 pal 44 | јан 
овоо ву ни ay G 871 44 141 
| | | 
5:00 | 9 6 арч | 37 ñ "67 473 145 
м00 , 921115:4 | аб 6 мо | s | 14:8 
5200 9 55 19» | эт” 6 | KHA 43 1541 
0000 n: 54114 6 ви 4-2 15:5 
6100 ШИ len | 34 S| ml 4“ 15-8 
0390 [1075 |1728 | 32 | ви 1 16:2 
G3 1048 | IT 16 | з" у | sm | 4 | 16-5 
6400 М 3 (1825 ad 5| um 44 16:3 
6500 ии m 1 2:0 5 кіз 40 17°2 
6600 |1130 | 1994 | 24 5 #09 49 | 176 
0100 (1108 20% 2.7 г | но aco (1179 
0800 (1117 |2044 | 20 + 197 à | 15:3 
6900 | 1236 |2119 |26 4 191 3% 18:7 
T по 21 ^6 2 4 1-4 PEL] | 190 
7100 |1315 12233 | 24 4 750 КЕ | 194 
7200 | 1335 | 23 1 24 4 | 197 ya | | 19-8 
7300 |1355 |2349 | 2'3 4 | то 37 20-2 
3400 |1416 | 9478 | 22 4 764 ar | 2075 
75 1437 125 7 | 22 4 T ул 20-9 
1600 |1469 |2246 | 21 i 782 a 213 
7100 |15 V) |50:0 | 290 кү War a6 | {21-7 
7800 | 15 43 |27 0 | 20 д 1 дей 22:1 
7900 | 16 6 |947 | 1: 8 746 $5 | 2275 
8000 | 16 29 | 28 28 1:8 a | 740 iy 2279 


~ и O2 


* This velocity Is about 20 Ва, below that given by avernge lota of S.P. in a new gun; this difference 
of 20 t.a, ln volovity would caner a Uifference in mage of about 17 yurds per 1.000. 
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Rance TABLE FOR 6-гчсн B.L. 80-РЕ. Gon. 


Based on Practice of 5. 5. 80. 


— density, Бал 2 
Moun Armstrong, broadside. 
Jump, 5 minutes. 


Charge, 25 Ibs. P. 
Projectile, weight 80 Ib. 


Muzzle velocity, 1575 f.s. 


— PN 
- ш 
3полушгу—әгеов отод 


š 


2832 $8358 


осоо Ommna 


"аза 2525" 2285% 895858 зла 3583 $2333 21982 83728 3285" 


боор ОООО ча лая соогоо о ои“ чюююю OOOO 1-00 00 СО cocco 


8343 38888 85835 88282 82883 SASAR 82823 38283 82843 38238 4 


` 
~ 


468 
Rance TABLE ror 6-іксп В.Г, бох, Marx II. 


Based on Practice of 18. 4. 88., 11. 5. 88., 19. 6. 83., 31. 12. 83., and 


| 

o 

о 

2 ы 

i S 

3681 
Вы uà 

арз iii 

25 E 424 

23 2753 

i Ë 183 

Ё 5 ana 


*`uoTreaori 


че. 


~ 


< 
з 
>, 


SES таз саай 795 287 SSR 3182 832 8839 RES 298 555 шы. 
° ~ ооо 
279 SLE Фер PTP све тен {РФ Fee PPP УФУ рэр 229 PPE 


222 888 8833 333 83% 322 288 889 ome оөз уор Pre ест 
оо о о — еч 


© ооо OOm = ач 


288 RAR ЖЕД заа ааа ааа RRA пан 888 RAK 338 ASA FHS 


еге опр PTP Fer PPT роу Өсе FES фое ӨӨС ноф PPP Сүр 
ое эес ооо Фа dw бєє KEE ооо OOD ооо COS COB ооо 


Ф тую өте ore 
fus SES 393 528 ааа быз 258 ада SRR 289 95% one өө 
эц mm 
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Rance TABLE гов f-moH B.L. Gun, Marg П.-солйінчей. 


nt. 
Armstrong 


scale. 


Medium and Concussion 


Penetration, Wrought Irem. 
Fuze. 


Remaining Velocity. 


Angle of 


Fuze 
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Based on Practice of 3. 7. 88. 


Mounting, Vavaseeur broadside. 
Jump, 4 minutes. 


jectile, weight 100 lb. 


Muzzle velocity, 1138 f.s. 


Клхве TABLE For 6-тсн В. бох, Мавк II. 
Charge, 17 1. Р2, brand No. 218. 


8:74; 6 ee lN SG ҮЙ. Ө, Жуй, еми фу 79. Ж. Фу ee е-е 6.87 те à& Фе M. оно d a * 4708 


Q = a e = 63 03 04 99 Со 09 09 4 4 sÑ vo vO Ф Ф tO t= t= r= 0 0 0 ФОО O О = — нч са са оа 


чим в« | £ 8548858888848858:8838:2858882858098888 


ge үзі q езі =ч — — ү-4 т 


3 зан | В 22248832582%2528%988252858030888888%855228 
E > SOS O ° ° ° 9 S S Оо ° ° = еч ч =ч 04 @ 04 04 09 о = -# uo xO © CO t< cO cO O> G Ооу 
ВЕ" 1 828588481328488558885548388 8888 885888 
$ @ O Ó Ə Ə Ə Ə ° Ə ° Ə Ə @ Ç Ə Ó O = = = — m m m езі ч еді гә еч са са са са сз са 


š оопаоюгряююнююо — @ O @ o O тою о Q — © T Q O — — @ @ t- 6 
= i зэзаа аа аададааалаа ла аааааал а 2855 зЗтҮ2213 
w прими отет | ЗЭВЗ2 гс ВӨЯЗӨГӨ 2 Дд8ЧӨГРОЗЯӨЗ 2 8555085848882255 
әд өшү jo 3004 DDO OOO „ч — — — — та еі са 04 са 03 са са са со 02 со со со 09 СО S «А ЧА ЧА ЧА ЧА 15 19 i5 i5 YG YO 
mre Ша ват 9 

казино | ,š'`2@- QO Q k- = P = O == Q QQ k= сї @ оз G> u5 == t= з фое G мо — E= тоф оэ фло нофа 
uo mn | DEBRRRERSISIBRSSRERRRRRERRRRRARÉASSAZZSARAHAÜEA 
„+ со e мәс ~ ~ < C» € 15 00 ч e N 16 ез г» „і v> О oc? ~ су rx 
СОЕ —— 
~ алата а 85299 23228 240839 868108 
ç OO OO Mme та да са са 02 00 су со ЧА ЧА SP uo ú çO cO CO t= t= t< Ф ООО O О — — N ОЧ су су + 
* Марком И. 
wopwaag | 8 ЗЭВ АЗ отнята 
о OO O O = = = rm c 03 010109 09 су оз R «P 4 <Ñ AO x ub CO €O € € rr r= ООООООСООСООСОС,Я,- 
RET ee занды олса ee ____===== 

$852222323239222222322222 

„ата | %8%8595828958558525552255555555555255558 
> vM x q q q + = em тч = Q 01 041 04 GQ GQ СЧ ч сч CD 0203 63 0 892 95 05 OD 


RANGE TABLE FOR б-хсн B.L. Guy, Marx ІП. 


Based on Practice of 28. 2. to 9, 8. 82. 16. 3. 82., 24, and 27. 3. 82., 
22. 6. 82., 12. 7. 82., 22, 7. 82., 17. and 18. 1. 83., 3. 12. 83., 
22. 1. and 1, 2. 84., and 20. 2. 84, 


Charge, 42 16. РЈ 
Projectile, 100 18, 

Muzzle velocity, 1850 f.s,“ 
Mounting, E. O. СА 
Jump, 7 minutes.t 


| les - 
: Б = | 50 per cent. of rounds HE Ч 
> | «B роща fall within E 
| ы % $ | £ == = mr SPEM а в 4 Ë 
5 = = === | 4 ЕЕЕ 
| | = 4 | 74% | 8 115615 
;| 5 = & | ЧЕ 8 | 584 |8 
21812713 Е 23521 1а |a је ЕЕ. 
> = == = = ! X = 
ІЗІ ЕЕ ЕТІ ЭН 
8 š 4 = a реке | 5 Е 2 £ ја = 
уде. | 9 ' е lin уча. учи учи, | и. I ins, ine. 
100 0 бө | 1146 s | $5 | oq |046 из 
200 | 0 3 о 312 | 190 Is очо 9% 993 1172 
мој 0 4 0 202 Dr 15 Ши oes 0:29 (1170 
400 | 014 0 24 149 | 489 1ч 9:1 0% ШЕГИ 10% 
500 019 0 119 | 19s із (зіл on 0:3 1077 
600 | 025 | 0: w | 141 18 ЦЭ 0% 1:0 10*5 
700 | 0 30 0 кз J | da 0% 0:7 1:13 104 
ко | 036 9 42 119 jä 0523 4:3 1:45 10% 
900 | 0 4l 0 02 | 106 15 0525 ГЕП 1.52 10%) 
1000 | 0 47 1 ж нч 1з 03 1*0 1:70 D'N 
1100 | 0 53 1 м 84 із 0:35 1 1-49 9'7 
1200 | 0 59 1 40 76 1» 0*4 1-2 2:08 о 
1300 | 1 5 1: AL и в | 94 14 227 | o6 94 
1400 1и 1 КЫ] ut Is 0:45 in 26 0-72 2 
1000 | 118 | 1 эл Is on 1% бә | o 94 
1600 | 124 |1 2 м |“ 4% 17 икә | 1:07 БЕ) 
1700 1 a) 1: | n із 15 од |" 3 00 121 8% 
1800 137 ч м? із In от oy aM 1-35 БЕП 
1900 | 1! 44 7) 20 4“ 13 | 05 ми: 3° * БЫ 
2000 14 у Ч! a] ін UGA 124 an 
2100 |» 2 41 N 1" 47 Чэй 8"! 
тоо 2 5 2 4 m |" 0973 Q1 PIU 
моу 214 si KT E ін es БҮЛ TU 
240 2 20 a 1+ M [ us | 5*2 i 
2000 | 2 > 4 у 17 “1 20 0 | 3*5 754 
7609 2% 3 25 1235 10 27 о өө. 2 17% 
2700 | #44 | 3129 | 150 | 10 Мо | 5 | DU | 490 14 
2800 2 62 4 5l 1203 ba 20 sl 1% 453 1 
2900 | 3 0 | 4 3 | 1180 ц Wi 2 |17 4% TU 
3000 з 9 4 12 1170 it 42 pr іч au 7" 
3100 317 4 23 112 14 et 92 | 141 52 4% 
3200 | 326 441 199 | 12 20 28 1% hu E'S 
2300 | 336 | 455 | 11:34 12 pn 23 | rz б 67 
3400 3 45 ^ 9 1110 11 14 "A 154 ©» 6h 
3500 3 58 ^h 24 1006 и ін 24 1") 7 on 
4600 46 о 39 1084 № | 17 2 1*4 ПЫ. о“ 
3700 4 14 по. 1071 97 | - bea | 8 л 
3800 4$ ü Tons 973, 1^ Ја bh | 95 627 
3900 4 20 6% 1044 8-0 | l^ 5 ben " ua 
4000 4 4^ 6 42 1037 8” + 20 lu | 9*5 ou 
4100 | 4 56 6 29 1029 gä н % 17 |10 
4200 | 5 7 716 1022 7:8 13 SF |497 | 10 ow 
4300 | 518 734 1015 722 13 2 114 п 
4400 | 5 29 753 1003 Tu 12 8 | 15 |42 
4500 | 540 | 812 | 1001 6-9 1: ч | ty | 12 о 
4600 | 5%: 8 31 904 6-7 11 ЈА ly 12 
4100 | 6 4 8 50 987 6*4 и 29 20 14 57 
4500 | 6 15 911 950 672 10 % vL l4 
4900 | 6 27 9 32 973 6:0 10 #0 5%) 13 
5000 | 699 9 52 801 ісі 19 до 293 n 5% 
5100 | 6 52 10 12 961 5*6 W 21 241 и 
5200 T. À 10 3⁄2 95а ӛз " 4 a4 Н as 
5800 | 116 | 1052 џи) 5-2 y 31 Zu 1х 
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MOE eak ERETTE EE 68 00 09 00 09 со еҙ со CE са са 03 са ©з са 03 03 сз сә са 08 оз СЭ сё 03 са ч өч кч — а па ee 


СЕЈ A 


Raxat Тавім ror 6-гисн B L. Gun, Mann IIL—8ontinued. 


""B22132390292229982t295239299592*2"5239279^1982 
°дидазаяязахазазе-ццазазааяыныйапалаазяыцааааазяш 
— | 852-82325882-282-88298257539083153%8378995:-59% 
е –––ооеевевеозевзелаланнинана злих ч чзэллиилл азаа 


е НЇ НИ ЦНН  3248332223283334208221132222 1 


ty has been found to vary from 1893 to 1830 £s., ёссоё to te гава of 


elevation than is gtven 


muszle velocity increases the range at ofdinary rahges sbeut 
will very probably require 5 minutes’ more 


mp. 


F 


+ Guns оп Vavaeseur mountin 


Ап increase of 100 f.s. іп the 
Ұл this table owing to the reduced 


* The muzzle veloci 
8 per cent. 


powder used. 


473 


Rance TABLE тов 6-Ічон В.Г. Gun, Mare ІП. 


BEL L.— RBS238SPR$.29989.54g:09559222 


W 876: se € 9.59 9,2 © Ж, B ww 4.4 во q 9-9 9 » 


Заогүтігү--отеоротад © Оч бо ОЈ СКХ 04 04 CQ о <ñ <ñ < ла? 


о О С нч r ч va са са са 03 02 09 со 09 f ЧА моло мо СОО © t— t= 00 GO 00 ОФФО O O ~ ~ 
Ка а емі ч 


Projectile, weight 100 15. 
8 minutes. 


Mounting E. O. C. 


Jump, 


Muzzle velocity, 1260 f.s.* 


Charge, 21 1b. P.? 


Ад тч со оз мэ СУ v 


A Vo Va мз Ф Фф tO t= t= оо 00 осо ОО O оч 
ті ғ езі үзі rq гі 


—-——-—» ^ 92821958:1%20925492494952522589%-49585902 


° OO OO O r r4 rA еч c 04 04 UQ 04 04 сз оо чая чюююю ОФ © ~ NE 0000 0000 $8. 


| A EFEFEF EEEE EELEE LLLE 


~ 


Based on Practice of 8, 12, 88, and 29, 1. 84. 


9 The vel 


brand of 


from about 1230 to 1290 f.s. according to the 


y will probably vary 0 
powder used. Ап increase of 100 f.s. in the velocity increases the range. 


at ordinary ranges about 11 per cent. 


t 


oci 
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Rance TABLE ғов 8-гчсн B.L., Manxa J. AND III. 
Based on Practice of 30. 1. 84., 7. 2. 84., 19. 2. 84., 12. 3.84., 29. 7. 84. 


Charge, 100 Ib. prism’, Black. 

Gravimetric density, Ме” 

Projectile, 210 lb. 

Mounting, Elswick experimental (modifled in R.C.D.). 
Muzzle velocity, 1953 f.s.* 

Jump, п"1% 


S5SESSSESBSSSSSBSS 


129 | 1598 59-2 2:32 |20 ; 0748 | 0-52 | 2-74 | 126 | 12-4 
136 | 1577 8755 241 |20 0-52 | 0-56 | 2-93 | 139 ^ 12-2 

143 | 1507 кə 2-1 | 20 |0-55 | 0-61 | 3:12 | 152 | 121 

151 | 1537 831 216 |20 [0-59 | о-66 | 3:32 | 165 | 19 

2 о | 1517 827 291 |20 | 0-62] 0-10 | 2'52 | 1°78 | 7 

2 9 | 1498 81 -1 2% |20 | 0-66 | 0-75 | 3:572 | 191 | 11-6 

218 | 1478 19% 3:20 | 20 [0:70 [о-во | 3-93 | 246 | 114 

227 | 1459 1811 3:4 120 «| 0-74] 06 | 4:13 | 218 | 113 

231 | 1439 76% 349 |20 10-78 | 0-92 | 4-34 | 2:31 | na 

246 | 1420 152 363 | 20-1 | 0'83 | 0-96 | 4:55 | 245 | юэ 

248 | 107 

2-71 | 10% 

2:85 | 104 

299 | 103 

3:12 | 101 

3:26 | 109 

340 9-8 

3°53 9-7 

8%6.| 9% 

3500 | 325 | 436 | 1245 62-6 5:09 | 2-5 [1-81 | 1-83 ! 6-80 | 3-80 94 


* The muzzle velocity may te expected to vary from 1926 to 1975 f.n., according to the brand of 
di used. An increaso of 100 f.s. in the muzzle velocity increases the range at erdinary ranges 
about 84 per cent. 

1 The mL the gun may very probably bo different on another mounting, which would of 
course affect the clevation, | 
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Rance TABLE For 8-іхсп BL., Marrs I. ах» III.—continued. 


.|4 383 | sopercen. 8 
к а в” > rounds should fall 
# | 5 И |." ! | 
| 2 | Зүг |584. ише š |14; 
| т | niin 8 143 
š 21111811 54131413 ЕН 
š š 233 13114 š $ aps H 
E ё © ә я = 
уда. | ° ' ew f.s. yds. уда. уда. | уда. | yds. | secs. ina. 
3600 | 333 | 449 | 12:0 | 61% 5:23 | 22-9 | 1:36 | 1:26 | 7-04] 8-04 | 92 
3700 | 341 | 5 1 | 1216 | 604 5:38 | 23-4 | 1'42 | 2-09 | 7-29] 4-08 | 91 
3800 | 349 | 515 | 1202 | 59-4 842 | 23-9 | 1'47 | 2-23 | 7-63] 422 | 99 
3000 | 358 | 530 | 1188 | 58-4 567 | 26 | 1-53 | 2:37 | 7:78] 4°37 8% 
4000 | 4 7 | 544 | 1174 | 57-4 5:81 | 25-0 | 1:58 | 2-52 | 8:03| 42 | вз 
4100 | 415 | 558 | 1161 6% 5-96 | 25:5 | 1-64 | 2-69 | 8-27] 4-67 
4200 | 424 | 613 | 1148 | 55-6 6:11 | 26-1 | 1:69 | 2-87 | 8-52] 42 
4300 | 433 | 627 | 15 | ыз 6% | 26-7 | 1:75 | 3-06 | 8-77 5:5 
4460 | 442 | 642 | 1123 | мо 6:40 | 27-4 | 1:81 | 3-27 | 9-02 
4500 | 451 | 656 | 1110 | 532 6:54 |23:2| 1-87 | 349 | 9728 
4600 | 5 0 | 71 | 1098 | 525 669 | 29°0| 1-93 | 3-11 | 9-54 
4700 | 510 | 728 | 1086 | ыз 6:83 | 29-9 | 2-00 | 3-94 | 9:81 
4800 | 519 | 741 | 1075 | ыз 698 | 30-8 | 2-06 | 4-18 | 10-1 8-0 
490 | 529 | 756 | 1064 | 504 733. |217 |2713 | 4-42 | 10-4 
5000 | 539 | 812 | 1054 | 498 727 | 32-5 | 2-19 | 4-67 | 1077 
5100 | 549 | 828 | 1045 | 491 742 | 33-3 | 2-26 | 4-93 | 10-9 
8200| 6 0 | 845 | 1026 | 485 7-56 | 34-0 | 2:23 | 5:20 | 112 
5300 | 611 | 9 2 | 1028 41-8 771 | 34-7 | 2-39 | 5:49 | 11:5 5 
5400| 622 | 920 | 1021 412 7:85 35:3 | 2:46 | 5:80 | 11'8 1:5 
5500 | 633 | 938 | 1015 | 466 8:00 |36:0|2:53 | 6-11 | 1271 
5600| 645 | 957 | 100 | 46-0 8:14 | 36-6 | 2:60 | 6-43 | 124 
5700 | 657 ‘1016 | 1003 | 454 829 | 37-3 | 2-68 | 6-76 | 12-6 
5800 | 79 103 997 4458 842 |379 2415 17411129 | 
5900 | 720 105! 990 | 442 89800046 282 747 |192 
6000 | 732 1115 | 984 43-7 8°73 |290 2:90 74 | 1355 


6100 | 143 1135 978 ' 431 8-87 
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Rance TABLE ғов 8-1хсн B.L., Мавкв I. AND Ш. 
Based on Practice of 19. 2. 84. 


Charge, 60 1b. Prism’, Black. Gravimetric density, 5454. 

Ko: og ИРА tal (modified in B.0.D.) 
oun Д тое In &.0.0.). 

Muzzle velocity, 1900 f.s. 

Jump, 8 minutes. 


0 6 0 0:22 
0 16 0 0:45 
0 27 9 0:68 
0 88 0 0:91 
0 47 9 1:15 
1 1 1 1:39 
1 12 1 1:63 
1 24 |.1 1:88 
1 86 1 2:18 
1 48 2 2:38 
2 0 2 2:64 
2 12 2 2:90 
2 24 2 3-16 
2 87 2 3:43 
2 50 8 3°69 
8 2 8 8:96 
8 15 8 4:28 
8 38 4 4:50 
3 41 4 4°78 
8 55 4 5°06 
4 9 4 5:84 
4 23 5 5:62 
4 88 5 5:91 
4 52 5 6:20 
5 7 6 4 94 6:49 
5 23 6 997 8:9 6:78 
5 87 6 990 8'5 7:08 
5 52 7 984 8:1 7:38 
6 7 7 978 77 7:68 
6 23 7 978 7'8 7:98 
6 89 8 967 7:0 8:28 
6 55 8: 960 6:7 8:59 
7 11 8 954 6:4 8:90 
7 28 9 948 6:1 9:21 
7 45 9 942 5:9 9-52 
8 2 936 5.6 9:83 
8 19 930 54 š 

8 5:2 

8 5:0 

9 4:8 


85836 


w? + o> w соо со бо со о to to to BO BO BO mt Hi mi Hi OO 
85535 5258856055Ё 8085 


a 
00 
к“ 
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Range TABLE ғов 8-1ncH B.L., Маккв ПІ. AND IV. 
Based on Practice of 20. and 22. 11. 83. 


Charge 100 15. Prism!, Black. — Gravimetrio density, 257. 
Projectile, 210 lb. 
Mounting, Elewick experimental (modified in R.O.D.). 
Muzzle velocity, 2030 f.s.* 

ump, яй. 


33 80 per cent. of 
š : — і 
1 + i 41: { 
21811111! Ë 


ya | • ^ | * | fs | 1m | уда. | yas | yas | teet | inches. 
0 ti 
100} 0 4 | 0 4 | 2004 859 1432 20 |0-02 | 0-1 | 0-14 16-0 
200} 0 8 | 08 | 1979 430 716 20 | 0°05 | 0-1 | 028 157 
300 | 012 | 013 | 1954 264 441 20 |0-06 | 0:2 | 0-43 15:5 
400 | 016 | 017 | 1930 202 334 20 |01! 0-3 | 0:558 153 
500 | 021 | 022 | 1906 156 260 20 | 0-14 | 0-4 | 0-73 151 
600 | 025 | 027 | 1882 127 212 20 |0-16 | 0-5 | 0-89 14:0 
700 | 029 | 031 | 1859 11 185 20 |0491 0-6 | 1°05 147 
800 | 033 | 036 | 1836 95 159 20 | 0'22 | 0-6 | 1:21 14:5 
900 | 037 | 041 1814 84 140 20 |0%5| 0-7 | 1°37 4% 
1000 | 042 | 046 | 17% 75 195 20 |0:28 | 08 | 1:54 41 
1100 | 047 | 052 1769 66 110 20 | 0-32 | 0'91171 1 040 18-9 
1200 | 052 | 053 | 1747 59 99 20 | 0°35 | 1-0 | 1:88 | 0-59 | 137 
1300 | 057 | 1 4 | 1725 ы 90 20 | 0°38 | 1-1 | 2-06 1 046 | 18-5 
1400 | 1 1 | 19 | 1104 50 83 20 |042| 12|2%4 | 0-91 134 
1500 | 1 6 | 115 | 1682 46 76 20 | 045 | 1:3! 2-42 | 1-03 | 132 
1600 | 111 122 | 1681 42 10 20 |048) 1:5 | 2-61 |146 | 159 
1700 | 111 | 129 | 16 89 65 20 [0-52 | 18612191 1-29 | 12:8 
1800 | 122 | 136 | 1619 36 60 20 | 0°55 | 1'7 | 2-98 | 143 | 126 
1900 | 128 | 144 | 19 55 20 | 0-59 | 1:8 | 3:17 | 156 | 12-4 
2000 | 134 | 152 | 1577 31 51 20 | 0°62] 2:0:3:36 | 1-70 | 122 
2100 | 140 | 2 0 | 1557 29 47 20 |0:66 | 2:31, 3°55 | 1583 | 121 
2200 | 146 | 2 9 | 1537 27 44 20 |0-70 | 2:3 | 3:75 | 1-96 | 119 
2300 | 151 | 218 | 1517 41 20 74| 2-4 | 3°95 | 2-09 | 11-7 
2400 | 157 | 227 | 1498 23 39 20 [0:78 | 2'6| 4:15 | 2%2 | 11 
2500 | 23 | 237 | 1478 36 20 |083) 2-8 | 4:36 | 2:25 | 114 
2600 | 2 9 | 246 | 1459 21 34 20 |0:87| 2:9| 4'5 | 5-48 | 113 
2700 | 216 | 256 | 1439 20 33 20 |0:92| 3-1 | 4-77 | 261 | 11-1 
2800| 222 | 3 5 | 1420 19 м 21 |0-96 | 3:3 | 4-98 | 2-75 | 109 
2900 | 2 29 | 315 | 1400 18 29 21 110011 3-5 | 5-19 | 3:88 | 107 
3000 | 236 | 3 25 | 1381 17 28 21 | 1°06 | 3-8 | 5:40 | 3:02 | 10°6 
3100 | 243 | 336 | 1362 16 26 21 | 1:10 | 450 | 6°62 | 345 | 10-4 
2200 | 250 | 347 | 1344 15 25 21 |145) 4:3] 6°84 | 3:29 | 10-3 
3300 | 257 | 359 | 1328 14 24 22 |159) 4:516:06 | 3:43 | 101 
2400 | 3 5 | 411 | 1309 14 23 22 | 125 | 4-8 | 6-29 | 356 | 100 
3500 | 312 | 423 | 1292 18 22 22 | 1°31 | 52 | 6°52 | 3-70 9:8 
3600| 320 | 435 | 1276 12 21 23 |1:36| 5'5| 6:75 | 3-84 97 
2700 | 327 | 447 | 1260 12 20 23 |1-42 | 59 | 6'09 | 3-08 95 
3800 | 335 | 459 | 1245 п 19 24 |147| 6-3 | 1:22 | 412 94 
3900 | 342 | 51 1220 п 18 24 |153| 671141 | 4-27 9:2 
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‘Rance TABLE тов 8-іхсн H.L. Mares II. ахр IV. - continued. 


4000 442 

4100 | 357 5 37 4°57 90 
4200 | 4 5 5 50 4°72 

4300 | 413 63 4°87 

4400 | 421 617 

4500 | 429 6 30 28 

4600 | 4 38 64 79 8:5 
4700 | 446 658 29 

4800 | 4 55 712 30 

4900 | 5 4 7 26 31 

5000 | 5 13 7 40 32 2 

5100 | 5.22 755 33 8-0 
5200 | 531 810 м 

5300 | 5 41 8 25 34 

5400| 550 8 40 35 

5500 | 6 0 8 56 36 

5600 | 610 9 12 36 

$700 | 6 20 9 28 37 1:5 
5800 | 630 9 45 37 

5000 | 640 |102 1009 57 38 

6000 | 6 51 [1019 1003 5% 58 


©= @ өс @% со оо @% =з — з — зз @& >: Xx хохо с ОФ ә 


s 


* The muzzle velocity шау be expected to vary from 1995 to 2045 f.s., to brand 
—— An increase of 100 1,6. in the muzzle velocity increases the range at o; ranges 
a рег cent. 
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Амр ТУ. 


Rance TABLE ror 8-1хсн B.L., Manxs II. 


Based on Calculation. 


6170 
0454" 


Charge, 50 lb. Prism’, Black. Gravimetric density, =; 


Projectile, 210 Ib. 


experimental (modified in R.C.D.). 


» 1850 f.s. 


, Elswick 


Muzzle veloci 


Jump, 8 minutes. 


5588248585845 


ЕТЕТ 
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НАДА БОРЕ SER EE SE ТЕН  835483388889 
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“PROVISIONAL Rance TABLE FOR 9:2-1мон B.L. Guy, Manxs I. & IL* 
Based on Calculation, checked by Practice of 2. and 22. 6. 85.1 


Charge, 1601b. Brown prism.! Gravimetric density, pss 
Projectile, weight 8801Ь. 

Muzzle velocity, 1835 f.s. 

Mounting, Whitworth temporary. 

Jump, 4 minutes. 


5 
$25 
88% 
3 E 
3% 
е 


уаз. | ° ' | ° ' | 10а | уда. | fo. | нь | уш | yas. feet | secs ' 
0 1835 | 182 ] : 
100 | о 1. | о 5 | 687 | 1146 | 1818 | 181 | 20 |095) 011046 | 
200 | 0 6 | 010 | 343 | 573 | 1603 | 179 | 20 |0| 0:2 | 0-32 | 
300 | 011 | 015 |29 | 382 | 1788 | 177 | 20 |01 | 021049 | 
400 | 016 | 021 |164 | 275 | 1773 | 17:6 | 20 е 0:4 | 0°68 
500 | 021 | 026 | 132 | 220 | 1758 | 174 | 20 | 0°15] 0-5 | 0:83 
600 | 027 | 032 | 107 | 179 | 1743 | 17:3 | 20 | 0-15 | 0-6 | 1-00 i 
700 | 032 |.038 | 90 | 151 | 1728 | 171 | 20 (02 | 0-7 | 1°18 : 
so | 038 | 044 | 78 | 130 | 1718 | 179 | 20 |02 | 081136 
900 | 043 | 050 | 69 | 115 | 1698 | 168 | 20 |025) 0-9 | 1-55 
1000 | 049 | 056 | 61 | 102] 1683 | 16:6 | 20 |0:8 | 1-0 | 1771 
1100 | 055 | 1 2 | 55 92 | 1668 | 16:5 | 20 (03 | 1-1 | 1:89 
1200 | 10 | 1 8 | 60 84 | 1654 | 164 | 20 E 12|207| 046 | 
1200 | 1 6 | 115 | 46 77 | 1639 | 16:2 | 20 |04 | 1:3|225| 044 | 
1400 | 112 | 121 | 42 71 | 1624 | 16-0 | 20 (04 | 151244| 093 | 
1500 | 118 | 128 | 99 65 | 1610 | 15:9 | 20 10:45 | 1-6 | 2-63 | 1-10 
1600 | 124 | 135 | 36 во | 1595 | 157 | 20 |045| 1:7 | 2.82 | 1% 
1700 | 130 | 142 | 34 56 | 1581 | 156 | 20 (05 | 1813901| 158 
1800 | 136 | 149 | 32 53 | 1567 | 154 | 20 | 0°55] 1:9 | 3:20] 1-52 
1900 | 142 | 156 | 30 49 | 1553 | 15:3 | 20 [0-55 | 250 | 3-19] 1-66 
2000 | 148 | 2 4 | 28 46 | 1539 | 15:1 | 20 (08 | 2-2 | 3-59 | 179 
2100 | 164 1 212 | 26 43 | 1525 | 150 | 20 | 0°65] 2-3 | 3-79 | 192 
2200 | 2 0 | 220 | 25 41 | 1512] 148 | 20 | 0°65] 2-5 | 3-09 | 2-06 
2300 | 2 6 | 228 | 23 30 | 1499 | 14:7 | 20 107 | 2.6 | 4-19] 2-19 
2400 | 212 | 237 | 22 | 36| 146 | 145 | 20 [0-75] 24814401 232 | 
2500 | 219 | 246 | 21 34 | 1472 | 144 | 20 108 | 259 | 460 2-45 | 
2600 | 225 | 254 | 20 83 | 1459 | 142 | 20 |08 | 3:1] 4-81} 2-58 
2700 | 232 | 8 3 | 19 81 | 1446 | 14-1 | 20 | 0°85] 3'3| 5'02 | 2°71 
2800 | 239 | 312 | 18 30 | 1433 | 13:0 | 21 (09 | 3'5|5'22 | 2544 | 
2900 | 246 | 320 | 17 | 28 | 1420 | 138 | 21 | о | 31 |544] zo ' 
3000 | 253 | 331 | 16 27 | 1408 | 136 | 21 110 | 391505] 342 
3100 | 3 0 | 341 | 16 | 26 | 1395 | 13:5 | 21 (11 4-1 | 5-56 3:26 
3200 | 3 7 | 361 | 15 25 | 1383 | 134 | 21 | 17 | 4:33|6:08] 3-40 
3300 | 31 | 42 | 14 | 26] 1371 | 132 | 23 |12 | 4:6 | 0:50| 3:55 
3400 | 322 | 413 | 14 | 23| 1359 | 131 | 22 |12 | 49| 6:25] 370 
3500 | 329 | 424 | 13 22 | 1337 | 13:0 | 22 113 | 021555| 3-85 
3600 | 336 | 435 | 12 21 | 1335 | 12-8 | 23 113 | 5'6 | 6-97] 4-00 . 
3700 | 344 | 446 , 12 20 | 1324 | 12: ' 23 114 | 5'9' 7-207 446! 
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ProvisionaL RANGE TABLE FOR 92-ічсн B.L. Guy, Manxs L. & П.- 
continued. 


32 Fifty per cent. of 8 8 
2 iu =a | n | 
2, Оза” 
2 ols 
| ЊЕ НЕЗ 
3-1 ны 


уда. | удв. | feet 
23 | 14 | 62 
24 | 15| 65 
4000 | 4 7 | 522 || 18 | 1291 | 124 | 24 | 1'5| 6:8 
419 | 415 | 524 |10 | 17 | 1280] 123 | 24 | 1'6| 72 
4200 | 423 | 546 | 9'9| 17 | 1260 | 121 | 25 | 17| 1% 
4300 | 431 | 558 | 9:6| 16 | 1258 | 12:0 | 25 | 17| 18 
4400 | 439 | 610 | 93| 16 | 1247 | 119 | 25 | 18| 82 


4500 | 448 | 623 9:0| 15 | 1237 
4600 | 456 | 835 | 8-7] 15 | 1227 
4700 | 5 5 | 649 | 8'4| 14 | 1217 
4800 | 514 | 7 2 | 82| 14 | 1207 
4900 | 523 | 716 | 7' | 14 | 1198 
5000 | 532 | 730 | 17| 13 | 8. 
5100 | 541 | 744 | 7-4] 12 | 1179 
5200 | 550 | 759 | 7'2| 12 | 1170 
5300 | во | 814 | 7'0| 12 | ие 
510 | 6 9 | 830 | 68| и | 1152 
5500 | 619 | 846 | 66| 11 | 1143 
5600 | 620 | 92 | 64| 11 | 1135 
5700 | 639 | 918 | 62| 10 | 1127 
5800 | 649 | 934 | 6-0} 10 | 119 
5900 | 659 | 951 | 58| 10 | 11 
6000 


SSEB FS 
юе 
a 
5 


yds е 4 7 lin | удв. | fs тэ 

3800 | 3 61 458 |12 19 | 1313 | 12:6 

3900 | 859 610 | 11 18 | 1302 | 12°5 
| 


7 9 |108 | 52| 9 |1108| 104 8-1 | 15 
6100 | 720 |1025 | 54| 9 | 1095 | 10-3 
6200 | т зо |1042 | 53| 9 |1088| 102 
6300 | 740 | п о | 51] 9 | 1081 | 102 
6400 | 751 |1118 | 5-0} 8 | 1074 | 101 
6500 | в 1 |1136 | 49| в | 1067 | 10-0 
6600 | 812 |1154 | 4| 8 | 1060! 109 
6700 | 823 | 1213 | 46| 8 l104| 99 
6300 | 834 |1222 | 45| 7 |108 | 94 
6000 | 845 |1201 | 44| 7 | 1002! 98 
; 86 |131 | 43| 7 |107) 97 
7100 | 9 в | 1330 | 42| 7 | 1052 | 98 
7200 | 919 |1350 | 41! 7 | 1027 | 98 
7300 | озо |1410 | 40 | т |1022| 95 
7400 | 942 | 1421 | зэ! 6 |1017: 9% 
150 9 54 14 52 88 6 1013 | 9*4 
7600 | 10 6 |1513 | 31| в [io] эч 
1200 | 1018 |1521 | 38| 6 |104| 93 
7500 | 1030 |1555 | 35| в | 9| 93 
7900 | 10 42 |1617 | 34| 6 | 996] 93 
8000 | 1054 |169 | 38| 6 | 991| 92 


4 Тһе Table is provisional, pending practice up to |6 degrees elevation, Тһе practive oh which 
it is based нак 6000 yards only. 

+ This practice place before the gun was reduced in length by 1 calibre, calculation has there- 
fore tb be resorted to. 


482 


Rance Taste ғов 12-гчсн B.L. Gun, Manxs I, II, IIT, Ако IV. 
Based on Practice of 24. and 25. 2. 85., 17. 4. 85., and 23. 6. 85., also 


013 
0 18 


0 41 


0 52 


110 
116 


(from 6,000 to 8,000 yards) оп Calculation. 


Charge, 295 lb. brown prism.'. 


Gravimetric density, ass ° 


Projectile, weight 714 15. 
Muzzle velocity, 1892 f.s. 


Mounting, 


ison “ yoke.” 


Jump, 6 minutes. 


160 


5555823058855 5 


вечна 


1876 


1814 
1799 
1784 
1:69 
1754 
1739 
1725 
1710 
1696 
1681 
1667 
1653 
1639 
1625 
161 
1597 
1583 
1570 
1556 
1543 
1530 
њу 
1504 
1491 
1478 
1465 
1452 
1440 
1427 
1416 
1403 
1391 


0:1 


0:15 
0:15 


0-3 


04 


0°75 
0°75 


0:95 


0% 
04 


1.3 
14 
15 


3:3 
3% 
87 


0°45 
0-63 
0:81 
0:98 
1:14 
1-28 
1°42 
1°55 
1°69 
1°62 
1°95 
2:08 
2:21 
2:34 
2°47 
2°60 
2°73 
2°86 
3:0 

3:14 
3:28 
3:42 
3-56 
8:70 
3:85 
4°00 
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RanGE TABLE For 12-іхсн B.L. Gun, Mares I, II, ILI, AND IV.—contd. 


за | а за | 
H 5 Ї ig 1] 
ЕНІ а 
265 i ii 2.523 e 
ЕНЕ зан 


Fase 75125514 уда. | fs. yds. | fect. 

3700 | 328 | 4 24 | 13 22 1319 1%9 45 4:15 227 
2800 | 3 36 | 4 35 | 12 21 1368 11 4:7 | 116 4:20 23:8 
2900 | 3 43 | 4 46 | 12 20 1356 1*1 4 9| 7°38 4:45 2379 
4000 | 3 50 | 4 58 | 12 19 1345 12 511 | 7°61 4:60 245 
4100 | 3 67 | 6 9111 18 1834 1:2 54| TH 4:75 25-1 
4200 | 4 51521| 11 18 1823 13 5:6 | 8°07 4:90 257 
4300 | 412 | 5 33 | 10 . 17 1312 14 5'9 | 8:30 26'3 
4100 | 4 20 | 5 45 9:9 7 1301 14 6-2 | 8:54 269 
4500 | 4 23 | 5 57 9*6 16 1290 1% 6-4 | 8°78 215 
1600 | 45 16 9 9:3 15 1280 1% 6:7 | 9°02 28% 
4700 | 4 43 | 6 21 9% 15 1269 1% 190 | 9°26 23-8 
4800 | 451 | 6 34 8:7 14 1259 17 7:3 | 9°50 294 
4900 | 4 58 | 6 46 84 14 1249 1% 7:6 | 9°75 500 


5000 |5 7|669 82 14 1239 
5100 | 6 16 | 7 11 7:9 13 1230 
0200 | 5 24 | 7 24 77 13 1221 
5300 | 5 22 | 7 37 1:6 12 1211 
5400|541|7 50 113 12 1202 
5500 
5600 


1:9 8'0 |10*0 
2:0 8*3 | 10-3 
2-1 8:7 | 10.5 
22 9-1 |108 
2:8 9*5 |11*0 
2*4 9:9 | 11:3 
2:5 | 10:3 |11*6 
271 (107 (1138 
28 |112 11241 
29 |1%1|123 
3:0 | 12:0 | 12:6 


649|8 4 111 12 1193 
5 58 |811 69 п пы 
5100 |6 7 | 831 67 11 1175 
5800 | 6 16 | 8 45 6:5 11 1167 
5900 | 6 25 | 8 59 6:3 п 1158 
6000 | 6 34 | 9 13 62 10 1150 


UTPPPSUBDEHSNSUSSESSSSSUSEZSZcE 


6100 | 645 |928| 69| 10 | 1142] 12:8 129 
6200 | 6 53 | 9 43|] 58| 0 | 1184] 12-7 1311 
6300|7 21958| 5-7] 9 11811286 134 
6400 | 7 11 |10 14] 5:6] 9 |118 [12-5 187 
6500 | 7 21 10 30|] 54| о |і0|124 14:0 
6600 | 7 30 |10 46] 53| 9 | 1203 | 12-3 M3 
6700 | 7 29 | 2| 51 9 | 1095 | 1222 145 
6800 | 149 11 18| 50| в | 1088] 12-1 м 
6900 | 7 59 |11 35| 49| в | 1061] 12:0 1511 
т000 | в о |11 52|] 48| 8 |104|119 154 
7100 | 8 19 |12 9| 446| в | 1068 | 11:8 157 
7200 | в 20 |12 27] 45| 8 | 1062 | 1-8 16-0 
7300 | 8 40 |12 45| 44 т | 1056 [11-7 163 
7400 | 8 51 |13 3| 43 т | 1050 | 11:6 166 
7500 |9 2 |1322| 42| т | 1045 | 18 16:8 
7600 | 9 12 |13 41| 41 7 |юоіпе 1741 
1100 | 2314 0| 49 т [1085 | 11-4 174 
1800 | 9 34 [1420 | зэ т |1030 | 11:4 ил 
7900 | 9 45 |14 40] 3-8 6 | 1025 | 11:8 18-0 
8000 | 957 |15 o] 3-7] в 11011112 18:3 
(с.о.) 21 
4, 
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Rance TABLE Fon 12-1xcu В, L. Gcs, Mares I, 11, Ш, on IV. 
Based on Practice of 18. 6. 84. 


yards, 
0 


100 
200 
300 
400 
500 
600 


4411 


Charge, 2214 brown prism ; gravimetric density, 5-555 


Projectile, weight, 


714 lb. 


Mounting, Garrison joke. 
Muzzle velocity, 1613 f.e. 
Jump, 7 minutes. 


N5S5ZSSG ee 5 085.8585М5оо85581455 085585 2 Цөс 82558455 
OOOO 0000-3-3-8-4 O Gb € C^ Ct €: СУЛ Hm 9- 08:08 08 00 08 09 DO по IO to Оо —— 9>ооооосово 
ЕН Норов Ван 


=з Оз @ Оз Өз Оз Өз ©з ©з Өл ©» O^ Or it». & № bh d ii OF се OF OF 00 00 08 TO pO ВЭ IO tO TO 10 = осооососоо 


Norr.—Up to about 2000 yards rango 
w 


conridered equal to that 
to 30 per cent. inferior. 


known within 
Estimated Fuze Bcale.— 

Armstrong medium 

tice with 160 

lb. charges, 


To hit an object 10 feet 
high, Range must be 


Remaining Velocity. 


Time of Flight. 


rds, seconds, 
809 0:19 
04 с:38 
0:57 
0°76 
0:95 
1:15 
1:35 
1°55 
1:15 
1'96 
2°17 0:60 
2-33 0-84 
2-59 1°04 
2:80 1:21 
8:01 1°38 
3:22 1:54 
3:14 1:71 
“66 1:87 
“вз 2:03 
*10 2:19 
4°33 2:34 
4°56 2°50 
4°79 2:65 
5:02 2°81 
5°26 2:96 
6°50 8:11 
5:74 3:28 
5:98 3°41 
6-22 3°36 
6:46 3-71 
6:71 3:86 
6°95 4:01 
1:20 4:17 
7°45 4°32 
7°70 4°48 
7°95 4°63 
8:20 4:79 
8 4:94 
8 


the accuracy оп 8 vertical target with this charge may be 
the full charge; at longer ranges it will probably be from 10 
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Rance TABLE ғов 19%5-інсн ВЫ. Gun or 68 AND 66 тома. 


= Charge, 4 Density, " . 


Fuze Scale. 


: imo of 
Range.| Elevation. Flight. 


Range. Теп. 


Yards. 
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RANGE TABLE ғов 16:25-1хсн B.L, Обох or 110 Toss. 


Density, . 


Fuze Scale. 


Time of 
Range. Elevation. Flight. | — 


Range. Elevation. 
Tg à 
| í | Range.| Tenths. 
Yard: о ?, Yards. 


INDEX. 


A 


Accuracy of В.І. compared with M.L. guns .. F 
Air, resistance of, effect on projeti during flight .. 


Air spacing .. .. .. .. .. 
Angle of descent of proj jectiles .. .. .. 
Annual returns of ordnance: Army Forms T .. 

instructions oe ee 
Ay rons, lead, Тог 8.В. ordnance Бе 4% ЭР 


Arcs, graduated, for use with R.M.L. guns .. .. 
Armour, perforation of, Brown's rule of thumb .. .. 
” РА Maitland’s —— and scale .. 

42 й formula - .. 
Noble's formula . .. ЯС 

Armstrong's " original " system of gun construction .. 


B 


Ballistics of ғегуісе ordrance: B.L. .. .. .. 
M. L. .. .. 

Barlow's (Pro? essor) formula for transmission of strain.. 
Barrels, steel, advantages of .. 
» » thickness of, determined by experiment ae 

» wrought-iron, for R.M.L. Sane guns .. 


Bars, wrought-iron, manufacture .. . .. .. 
Bashforth's tables oe oe .. .. .. .. 
examples of use.. .. .. .. 

Bearers, shot and shell 4% 4% .. se .. 
Bell- — ћеву у n guns .. T T T 
B. » .. .. .. .. 

Bits, vent, Armstrong A * .. 5% .. 
” ” 8.В. ordnance ee ee ee ee ee 
Blueing : use and operation T 
Blocks, wood, for taking gutta-percha i impressions T 
B.L. guns: précis of their introduction .. .. 
> `» principles of construction  .. .. .. 


> »  8low-burning powder used with .. .. 
B.L. ordnance, advantages of .. .. .. .. 


service .. .. .. .. .. 
В. Y. versus M. L. guns .. .. .. ee ee 
Bores, length of 44 = 4% 5% 53% 
" s how determined «ә 

» ОҒ guns, method of dividing for purpose of examination 
» » preservation on service .. T T 
m » HTpair of, энд 2 .. T .. 
Borin . .. .. .. .. 
Bolt, iron, f. т elevating eye .. .. 
Brackets, gun-metal, for R.M.L. converted guns.. .. 
centre-fore-sight .. .. .. 
Breech-closing, ‘different methods of T .. .. 
Breech fittings, examination of .. .. .. 
» table of, for B.L. ordnance .. 28 
Bronze: general character . .. .. 


»  rifled guns: manufactured for India. T 


РАСЕ 

.. 231 

.. 75 
.. 286 

.. 79 

.. 491 

.. 368 

117 

154, 867 
.. 99 
.. 95 

94, 95 


.. 310 
.. 214 
oe 25 
.. 4) 
.. 41 
.. 216 
.. 124 
.. 80 
. 7 
.. 162 
.. 181 
.. 278 
.. 258 
.. 117 
.. 842 
.. 819 
.. 240 
241 et seq. 
.. 238 
.. 288 
.. 281 
.. 298 
.. 230 
.. 108 
.. 821 
.. 886 
825 

.. 12 
. 163 
. 220 
220 

.. 240 
325 et seg. 
271, 306 
.. 9 
.. 9 


Bro ee ee .. .. .. .. 
— h, соррет .. .. .. .. 
5 » irn.. .. .. .. .. 
M repairs generally .. .. .. 


Charges, gravimetric density of  .. .. .. 
» | effect of varying densities T T 


g 
Chronograph, 1» Boulengè : ‘formula for calculating velocity 


8 b general description .. 
method of ob 
» 
Clamps, movable, for tangent sights .. .. 
Classification of ordnance .. .. .. T 
Cleaning materials for ordnance .. .. .. 
» ordnance, tools, &c., required .. .. 


» » 


Clinometers, boxwood 4% .. 5% ve 
Watkin" 5 .. .. .. .. 
Coils, "w. I. manufacture .. T T 


Collars, cast-iron, for R.M.L. converted gun 


> leather, for breech-screw, 12-pr. ү: В L. gun 


Compression of metals * ° .. 
and tension in “ built-up ” nuns .. 
Condemnation of ordnance : rules for guidance .. 


Converted R.M.L. guns: history of their introduction 


2 2 » method of conversion .. 

9 » » natures in the service .. 
»  bights, stores, and fittings 

Coppering В, — .. .. .. .. 


» L. guns .. .. .. .. 


example . 
.. 173, 220, 


.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 


aA ко, sets of 4% им Ys у 
Сгивһег eee: table for compression of coppers used with .. m 
ойшы” — for R.B.L. guns 46 2 5 \; E > 
Cup system of obturation .. .. .. 

instruction for keeping i in repair .. .. 
Cups, tin, for R.B.L. guns .. .. .. .. .. .. .. 
D 
Be Bange system of obturation .. .. .. .. "T 
Defects in ordnance: caused by socidenta | ee .. .. .. 
2 : general маны as to thelr relative importance .. .. 
notified .. .. .. 


in rifled and В.В. guns .. 
original: how caused ee 
peculiar to steel barrels .. 


” ” ” “wrought-iron .. 


.. 


position as 8 point of importance .. T 


Deflection, permanent angle of, how determined .. 


» marked оп all rifled ordnance . ú 
Density of charges: experiments with 12:5-inch R.M.L. — .. 


Density of charges in modern guns 2% = 
Density, gravimetric.. .. .. .. .. 
Derricks, muzzle .. 

instructions for their attachment 
Designation of ordnance .. .. 
Drift of projectiles fired from rifled ordnance .. 
Durability of В. L. and M. L, ordnance .. .. 


.. 


.. 
.. 
.. 
.. 
.. 
.. 
.. 


РАСЕ 
.. 342 
.. 340 
250-28 
..253-8 
.. 851 
258, 354 
.. 986 
.. 238 
ee 159 
ee 73 
ee 69 
ee 74 
e 77 
278, 859 
.. 175 
333, 839 
.. 836 
.. 153 
.. 153 
.. 124 
.. 917 
.. 269 
.. 6, 92 
.. 33 
.. 822 
c 215 
.. 215 
.. 217 
148, 173 
. 347 
.. 351 
364, 365 
.. 92 
.. 90 
.. 259 
.. 275 
.. 875 
.. 368 


.. 875 
.. 325 
.. 323 
.. 893 
..821-2 
.. 323 
.. 923 
.. 824 
.. 32% 
.. 824 
.. 140 
.. 141 
.. 233 
236, 245 
.. 236 
.. 165 
ee 881 
.. 868 
. 140 
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Elastic limit of metals: definition.. .. .. .. 
өз 8) method of ascertaining. . t 
table of, for ис materials 4. 

Elasticity of metals, modulus of ., 


rinciples of varying, applied to gun construction 


Electric light, instrument for examining те .. .. 


жер of projectiles: how expressed m te 
E.O.C. system of rifling — .. .. .. .. .. 
Examination, Memorandum of .. .. 
Examination of breech fittings for B.L. ordnance .. 
* » exterior of ordnance .. .. .. 
» » guns at home and abroad .. .. 
" » before proof.. T T 


p» » ordnance, general regulations as ‘to 
periods when to be carried out 
Exposure of detachmenta vith B.L. and M.L. guns .. 
Extractors, біп сир .. .. .. .. .. 


„ vont-sealing tubes. .. .. .. 


Е 
Factory, name of, marked оп guns.. .. .. .. 


Field guns : object to be attained with .. m 
Fittings and stores for x L. ordnance : table of .. T 
» 3) B.L. guns: table of .. m 


RMI. ordnance: table of „. 

Foreign ordnance, compared with British .. T 
Forma, Army, G 869 for S.B. ordnance .. T T 
5 xw ИЕ ВИ а o жа 

2 ВИ НЫ. 4 а ы ж 

» WO., 1473 . z Ж: Пош ee 
French, modified, system of rifling .. s te 


p system of rifling ee .. .. .. .. 


а 
Gadolin's (Col.) theory in gun constructi 


Gas-checke, limit of erosion when cse use — be discontinued 


Gas-escapes, in R.M.L. ordnance .. .. КА .. 
converted guns .. 
Gravity, centre of : line — masked o on certain pieces 


Grooves, Armstrong. . . .. .. 
» commencement of, in the bore . .. .. .. 
* different forms of, in the service .. .. 


” Е.0.0. .. .. .. .. .. .. 


m French .. .. .. .. .. .. 
n ” modified '. 


g and drivin sides. . T .. 
» “МВ.” adopted or heavy B.L. guns... 


» “М. M., ” for use with gas-checks, with В.М. L. ordnance 


$e а of cutting vs > — si 


» . pressure in.. .. .. .. .. .. 

” shunt oe oe oe oe .. .. 

” Woolwich зол eli h M. E .. .. 

in өв! guns.. .. 

Guard, metal, vent 2 А Vs "7 .. “° 
Gun construction, general considerations .. .. .. “4 
Guus, British and Foreign : RR .. .. .. 
55 —— v. cast .. .. гә 
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MILITARY BOOKS, published by Asthorify— continued. 


GUNNERY —cont. 
19 and 11 inch R.M.L. of 95 tons. (1879. Price 12. dd, aes се 64. 
0-45-inch GATLING, for LAND VICE. Sra Ей. (1880.) 
О-45-1поһ GATLING, for NAVAL SERVICE. (1880) Price 6d. 
Range Tables fo 
18 PR. RMI "dun of 8 owt. 


2 ” ” в ” | 1882. Price 8d, each. 


DEPRESSION. For Elevated Batteries. 
Land Service. With Appendices. I., Observa- 
io be on сұсы па enr 
to be supp and Pre. ork to 
— Hay: Mu 8уо.,14 pp. Price 6d. 
Do. oe, Handbook 
"s LAÑ. a 
Do. WATKIN. — for the Instruction 
р in, and Practice with. 1882. Price 14. 
Do. WELDON. Provisional Handbook for. Feb- 
ruary, 1886. Price 6d. ((1870.) — 
BASHFORTH CHRONOGRAPH: Re Report on th. 
Finaldo. do. (1878-80.) Price 2.34 
SHOEBURYNESS RANGES.  Byelaws issued under the 
Artillery and Rifle Ranges Act, 1885, made by Her Majesty's Principal 
Весге of State for the War Department, with the consent of the 
Board of Trade. 1886. Price 1d. 
TELESCOPIC SIGHT. Soott’s. Land Service. Description and In- 
— for using, ёс. 1886. 8уо. 1 plate. 4 diagrams. Price ба. 


RIFLE AND CARBINE. Manual Exercises for the. And 
Bayonet Exercise. Horse Guards, War Office, 1885. Price 8d. 

RIFLE EXE EXERCISES AND MUSKETRY INSTRUOTION :— 

Alterations made by General Orders in, since date of first issue 
in July, y Жем. Price 2d. 

TEXT BOO THEORY OF ТНН MOTION OF PRO- 
JECTILES, Addendato. Translated from the Aide Mémoire à l'usage 
des Officiers d'Artillerie. (Quatrième Edition.) 1881. Price 6d. 

SCHOOL OF MUSKETRY AT HYTHE: port on the Instruc- 
= carried on at, and of the Progress of Musketry Instruction in the 

durin, ` Г- рэгт 81st March, 1885. Price 4s. 64. Also, 

REPO. тв FOR THE YEARS 1859 to 1861. Price 12. each. 

" » * 1862 to 1881. Price 22. each. 
. p 1882 and 1883. Price 83. 6d. each. 
1884. Price 
— ARMS AND AMMUNITION, MILITARY. TREATISE 
ON. With Theory of tbe Motion of a Riñe-bullet. A Text Book for the 
Army. By Lieut-Col. H. Bond, R.A., late Assistant Superintendent 
R.S.À. Factories, 8vo. With illustrations in the text. Price 4s. 
Interleaved 42. да. 

E сус ТО &о.:— 

ROYAL MILITARY COLLEGE, ADMISSION TO, AND FIRST 
APPOINTMENT8 THEREFROM TO THE ARMY: Regulations 
е, War Office, 1st Au 1884, Issued with General Order No. 116 
of 1884. 8vo. 16 titched. Price 1d. 

ROYAL MILITARY COLLEGE: Synopsis of Course of Instruc- 
tion at. 1882. Price 6d. 

MILITARY HXAMINATION PAPERS, 
Royal Military Academy, Woolwich. — 1886. Price 1s. 
Royal Miltary College, Sandhurst, and Royal Marine Light Infantry. 


Staff College, А relire to. Report of the Examination for. June, 
1886. ith copies of the Examination Papers. 1886. Price ls. 
Btaff Colle Pinel Блажени. Report on. December, 1886. With 
copies of on Papers 1886. Price 14. 
Militia. Subalterns. Military Competitive Examination of, for Com- 
missions in the Line. Report on. March, 1886 Price 14. 
(Papers of earlier dates can still still be had.) 
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WORKS prepared in Intelligence Branch —continued. 
Franoo-German War, 1870-71—continued. 
эн — Battles of Wörth and Spicheren. Brd edition, revised 
d corrected. 1882. 2 Plans and 8 Sketches. Price 5s. 
4th | Section:—Advance of the Third Army to the Moselle, 15 2nd 
edition, revised and corrected. With 1 Plan and 7 Sketches. 
5th Beotion:—O; ms near Metz on 15th, 16th, and 17th — Ваше |. 
ot Vionville—Mars-la-tour. 2nd edition, revised and оогтесјед. 1881. 
4 Plans and Sketches in the Text. Price 6s. 6d. 
6th Bection:— Тһе Battle of Gravelotte—St. Privat. иж 3 ом and 
Sketchesin Text. Price 5s. VIO 
7th Section:—Advance of Third Arm i and of tho Army (04 the Мепве 
the Army of Chalons. With 2 Plane, а genera] Map, and 
umerous Sketches, Price 6s. 
8th Bection :— The Battle of Sedan. With 2 Plans and 2 Sketches. Price 86. 
9th Section :— Proceedings оп the German Coast and before the Fortresses 
in Alsace and Lorraine. Battle of Noisseville. General Review of the 
Franoo-German War up to the commencement of September. With 
8 Plans and 2 Sketches. Price 4s. 6d. 
10th Section:—Investment of Paris. Capture of Toul and Stras! —— e 
11th Section :—Events' before Paris and at other Points of the 
War in Western France until the = of October. (1878.) Price be Bd 5s. теі 
М Se қаран with the French Army of the Rhine. 
Occurrences after the Fall of Strasburg and Metz to the middle of 
— 1878.) Price 4s. 6d. Е 
rences on the Theatre of мы i» France up to 
Мына бады by the Germans. 1x Price бе. 
14th Section.—Meascres for the Investment of Paris | a to the middle of 
December. (1880.) — 2, 
15th Section :—Measures the Investment of Paris and 
— Glos Oe NOR Capital to the Commencement of the 
Year 1871. (1880.) Price 2s. 64. 
16th Section :— gs of the Second Army from the Commencement 
of the Year 18/1 until tho Armistice. (1881.) Price 8s. ба. . 
17th Section :—Proceedings of the First Army from the Commencement of 
the Year 1871 until the Armistice. (1882.) Price 84. 
18th Section :—Occurrences.on the шэн -Eastorn Theatre of War np tothe 
Middle of January, 1871. Events before — from the commencement 
of the Year 1871 fo the Armistice. Png 27 ісе 84. 
19th Section:—Occurrences on the South-east Theatre of War from the 
Middle of рта 1871. Proceedings in rear of the German Army and 
in the Coast Men from November, 1870, until the Armistice, Вуо. 
218 рр. 2 ша lans. Wrapper. 1884. Price 18s. 6d. 
20th Section: ospect of War from the ene 
tember, 1870, to “> Cessation of Hostilities. nie Perte 
Preliminaries. Return of Gorman Army and Peace of Frankfort. The 
зон оп. Тће Тејертарћ, ја “нэн, А Ammunition, Commis- 
Hospital Service, D Service, tary Justice, Recruitment, 
en. Чив амандаа ie War Зэс 128 рр. 2 Маре 
and 4 Plans, Wrapper. Price 5s. 
FRENCH ARMY: rms in. Part I.—The Law of Recruiting. 
— Td Colonel Номе,О.В., В.Е. Royal 8vo., 104 pp., stiff paper cover. 


Price 12. 6 

------ Part II.—General Organization. Translated by Major 
0. не RA. Price 22. 

FRENCH 9 v NE cr: of. Speech “оғ the Duke 
Ly Cg io Sene — 


and n Eso 


Ногїкв, Assistant Controller. Price £1 1s., in one voL, royal 
8vo. cloth ‘boards, with а —— of Plans. 
HOSTILITIES WITHOUT DECLARATION OF WAR. An —— 
torical Abetract of the cases in which Hostilities have occurred bet 
Civilizod —— — ration or warning. From 1700 to 1870. "Бу 


— Lieut. Col. J. — В.М. Price 2s. 
: Extracts from the Drill Regulations 
meri an snd from tas Here ter клен — — Translated 
FamrAX Erus, В.А. 1878. Price 10s. 


